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ble first through private beneficences and 
expanded more recently by government 
agencies, who can foretell what the future 
holds in store? All we can say at present is 
that this development has already had a 
profound effect on the teaching and research 
in this country. 

The problem facing the individual, par- 
ticularly the individual with academic aspi 
rations, is how to acquire the broad training 
necessary for the general practice of oph- 
thalmology and yet acquire the advanced 
knowledge of one small phase in which he 
hopes to make an original contribution. 
Many budding clinicians believe they can 
accomplish this by spending the spare time 
which they foresee in the early years of 
practice by working on some problem in a 
laboratory. It is my experience that most 
such high hopes come to grief. The attempt 
to learn research while conducting a prac 
tice usually leads simply to unhappy frustra 
tions. Perhaps it would be otherwise in a 
clinic where one can schedule his responsi 
bilities effectively but not where private 
practice is concerned. 

On the other hand, if a person has learned 
the method of scientific enquiry and has 
identified himself in one field of research, 
however small, it is possible to pursue this 
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and humanitarian dividends which it is cer 
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A seeming paradox in the workings of 
the visual system is the fact that the various 


types of cones make “equal” contributions 


to color, the while they make very unequal 


contributions to brightness 

One says that in a white illumination the 
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lights are mixed to match serially the seg 
ments of the spectrum, three curves of the 
intensities of the respective primaries 
versus wavelength are obtained. When these 
are manipulated to remove negative coeth 
cients, by being transformed to hypothett 
primaries having high saturations and the 
hues assumed for the prosensations, and are 
made to sum up to give the photopic lum: 
nosity curve, the areas under the three curves 
are very unequal. This ts taken to mean that 
the respective receptor-types make unequal 
contributions to the brightness of a white 
light. The 
make the largest contribution, the redness 


yreenness receptor appears to 


receptor a lesser one. The contribution from 
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the blueness cone is so small that the vari 


ations in the treatment of similar color 


mixture data by individual imvestigators 


have sometimes made it appear to be zero 


or even weakly negative (implying an in 
hibitory action of the blueness receptor upon 
the brightness activities of the other two 
types). 

Studies of data other than those of color 
mixture have led to proposals of even 
greater inequality of the brightness roles of 
the color For a period, Arthur 


Konig even thought that all of the photopx 


rece ptors 


brightness was given via the redness recep 


tor. Some have even taken seriously, as 


physiologically meaningful, the arbitrary as 
all brightness to the greenness 


the 


signment ot 


receptor m system ot colorim 


etry 
In every such schema, however, it will be 
valence curves 


that chromate 


exhibited have equal integrals, equal areas 


found any 


beneath them, to preserve the three-com 
ponent theory's explanation of “white” sen 
sations (see for example Thomson and 


Wright, 1953). Assignment of all bright 
ness to some one receptoral system 1s not, 
however, something to which only the three 
component theory has ever been forced. The 
this 


Hering, in whose original 


paradox emphasized in introduction 
existed also for 
theory the red-green and yellow-blue recep 
tors yielded chroma but no brightness the 


third, black 


latter all being given by a 
white, receptor 

This paradox has long seemed evidence 
independence in the 


for some degree of 


anatomicophysiologi mediation ot photopi 


brightness and of chromaticness (that 1s, 
color per se, a hue at a saturation) It is, 
however, only a part of the evidence for 


somehow separate, 


somewhat separate, 


brightness and chromaticness mechanisms 
The “flicker” photometer is an interesting 


which a principle 


imstrument operates on 


abbreviates Comn on International 
international stand 


*CLE 
d' Eclairage the 


photometry, colorimetry, and radiometry 


rdizing body for 


which everyone can expound and no one can 


really explain. If two illuminations of dit 


ferent color and unequal intensity are alter 


nated in a single area at an increasing rate, 
their colors combine into a unitary steady 
color at a relatively low frequency, with 


their brightnesses still unfused and causing 
Phis is eliminated by adjusting the 
lights 


ker 


intensity of one of the without any 


further imerease of the = alternation-rate, 


whereupon the two intensities can be pro 


nounced photometrically equal. It goes over 
looked by the photometrist (since the pro 
would defeat the which 


cedure purpose tor 


he uses the instrument) that if the original 


left unchanged, the bright 


intensities were 
ness flicker which remains after the chro 
matienesses have fused could be eliminated 


alternation-rate to a critical 


thie ke I 


by raising the 


frequency. For chromati to be elim 


mated at one and for bright 


flicker to 


frequency 
highet 


ness “fuse” only at some 


frequency is prime evidence for an inde 


pendenes ot physiology mediation 


The 


nesses 


binocular integration of chromat« 


also behaves differently from the 


combination of brightnesses. The latter, in 


themselves, never “rival” (though — the 


lightnesses of surface colors, which are 


brightnesses relative to surround brightnes 
ses, can do so) In binocular rivalry of 
there 


pect or, if the forms 


forms, is usually either a mosaic as 


are simple, all-or-none 
replacement of one eye’s material by the 


other's. The colors of haploscopi areas m 


tead “wiping each other off” of 


rival by 


the area for which they are contending 


When the hues and saturations of hetero 
chromatic half-images are such that they 
cannot be fused, it will always be found 
that any textural landmarks on both mo 
nocular stimulus-areas are all visible con 


tinuously during the rivalry of the color 


that the aspects of the 


brightne 

half-images are being held 
the 
stereo pair of configurations are ol 


W ill bn 


showing 
combined in a 


members of a 


table manner 


two un 
stereo 


fusible colors, it found that 
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depth and tridimensionality is seen 
the 


opi 


continuously even while only one of 


colors or the other monopolizes consc1ous 
ness 
who has been most inter 


mvestigator 


ested for the longest time in the puzzle of 


the independence of brightness and chro 
maticness is, undoubtedly, Henri Pieron 
One may suppose that he has put into 
his recent book (1952) all of the evidence 


he can find for independence, for he would 
wish to put in the best light the solution he 
himself offers the In the book, 


| have been able to find the following points 


for puzzle 


made: Individual requirements of the inten 


sities of the red, green, and yellow lights 


for a color-match in an anomaloscope do not 
correlate with the individual luminosity 
do 


for the 
Mean 


red-green ratios do not cor 


curves. Anomaloscopic mean intensities 


not correlate with purity limens 


wavelengths used in the instrument 
anomaloscopi 
relate with the individual observer's spectral 
ot fa 


is much more rapid than brightness 


locus “purest yellow *“Chromatu 


wise adaptation \ subject may have a nor 


mal luminosity curve and abnormal color 
mixture data m spectrum gauging, while 
another subject may have orthodox color 
mixture data and an abnormal luminosity 


curve, The slightest of cortical lesions may 


impair or abolish color vision leaving intens1 


tive vision normal; and, during recovery 


from an injury which has caused temporary 


there hemiachro 


hemianopta, may be a 


matopsia 

In résumé, the things which Piéron has 
found himself and quotes from others, to 
yether with the independence of chromati 


ness and brightness in binocular fusion and 


rivalry, the distinctness of their critical 
flicker fusion frequencies, and above all 
their differing quantitative constitution from 
the offerings of the retinal receptor-types, 
make an impressive case for separate media 
tion.* 

In turn the most impressive hypothesis 


regarding a mechanism for the separate 


L. WALLS 


mediation is that of Henri Piéron’s recep 


toral tetrad, which most fully expounded 
in his book. The proposal in brief 1s that 
there are three “chromatic” kinds of cones 
each with its own photochemical substance, 


hence having a uniquely shaped absorption 


spectrum curve. ach contributes a prosen 


sational huedness to sensation-—redness, 


greenness, oF blueness but, no brightne 


All photopic brightness ts given by a fourth 
“achromatic” type of cone. This contains all 
three photochemical substances, but im an 
imbalance of relative concentrations which 


gives the absorption curve of the cone-as-a 


whole the shape of the photopic luminosity 


curve of the eye 


Piéron has had to complicate this simple 


idea immensely, with a maze of hypothetical 


interconnecting retinal circuits which enable 
various receptors to exert imbubitions in 
various ways, in order to make his systen 
appear workable. But there is a tundamen 
tal objection to be made to the sin ple idea 
itself, This is, that it resolves one paradox 
only to create another. The thresholds found 


in the various kinds of visual discrimination 


which are all only special cases of imtensity 


discrimination-—the kinds of | acuity 


call rr 


acuity 


we olution, vernier acuity, the angu 


of visible motion. stereo-acuity 


are entirely too small to account tor 1 


only about one out of every tour of our ret 


to bright ind 


the 


inal cones can contribute 


(on other 


Vision 


share 
the 

chroma are too fine to explam 

the 


can in spatial 


hand data ot the areal threshold tor 


only 


thing like three-fourths of cones con 


to 


color 


tribute 


more than a litth iularity to 


There ts 
comes iti 
hy 


retina 


Piéron’s idea of separate brightn 
(1947) 


the 


(sramit’s dominator-modulator 


pothesis ot organization ot the 


W hile | 


Granit’s modulators need not have 


have elsewhere explained why 


anything 


* And emphasize the unwi oth | te 
national colormet in ‘ 
1 dimension of color itself, 1 g photome 
mere branch of colorimetrs 
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to do with color vision see Walls. 1953), 


let us here allow Giranit te av what they do 


odulator system of the retina 1s an 


nto which tunne 


opt nerve fiber receptors 


of a single type, having a narrow and specif 


cally lo ited spectral ibsorption curve \ 
specifically 


odulator arouses a 


given type « fn 


hued component of sensation--but no bright 


me \ll brightnes s aroused by domina 
tors. A photopic dominat ystem also con 

ts of an optic nerve fiber amd all the reti 
nal elements connected with it, but with the 


representing a full set 
olation m the 

it possible 
for the dominator mechanism to respond 


throughout the pectru n quantitative a 


cordance with the o dinate of the photopr 
luminosity curve, just as Piéron’s photo 
66 ‘ 
chemically “mixed purely brightness-giving 
cone 1 able te lo na tat Way 
The object on ten ny trom the 
embarra nv tact of the ual acuiti 
and so forth ippli to toaranit chema a 
to Piéron’s.* The dilemma upon which both 
of these most modern h pathe sf ire m 
paled tovether with all crude idea offered 
in the past along similar lines and now of 
only histor il interest in be ave ded only 
by i prop il which allows each t pe ot cone 
to make a conti bution to chre iticme and 
also to make a contribution to brightne 
vith the recdine greene ind bluene 
com contr but nye to cf lor per ‘ mm one 
triple ay l:l:1) but ultaneously 
makin ontributions to brightne ina to 
tally cditterent triple ra i $:5 
Just wh a propo il was macle n word 
‘ ‘ et ‘ 
‘ | r ere W 
t ecel nt mel ve 
tre eT ! 
ot diff It vil t } lo ro 
t re et | it 
‘ te Fove ‘ ‘ biy and 
the on cell not uct 
intrareti ] ro onnectior 


SYSTEM ll 


ISTOON 


Walls and Mathews in 1952. | am 


now prepared to amplify it and to illustrate 


only, by 


t with diagrams. The evidence for any 


theory consists of the facts it ts capable of 


explaining In the case ot the ber inched 


pathway hypothe i most of the tacts relate 


to the color bolinnclane cs | am one ot those 
who, convinced that each kind of hereditary, 
congenitally defective color-viston system 
represents a norn il system minus something 
(or -things). believe in allowing the color 


normal 
This 


tracing 


lane es ton old a schema for the 


into which they will, necessarily, fit 


point of view has a long histor 


| 
hack before Helmholtz to the earliest work 
of James Clerk Maxwell, and it every bit 


as respec table crentifically “a the thesis 


that one can work out the details of the 


normal system by studying only normal 


ubjects Ihe branched-pathway theory, it 


will be seen, owes a special debt to a hand 
ful of cases of seriously defective color 
vision in persons who “theoretically” should 
be normal they are women who have only 


one gene tor any ome kind of color bylinnclane $3 


The interpretation of the first of su h cases 


seen in our laboratory was what forced 
Walls and Mathe W {1952) to the concep 
tion of branched pathways in the first 


place No case seen nee ha failed to be 


capable of being fitted into the schema 
The schema in its present form 1s ex 
maton 


bright 


hibited in Figure 1. This ts not an 
diagram, but a physiologic one I hve 


ness and chromaticne tations are mot 


‘centers” but populations of element which 


mav be in the retina or may be in the 


cortex, The pathways shown traveling up 


vard from the receptors are not fixed in 
17 Most would ¢ xpand and contract vari 
ously with various chromatic ilumination 


of the receptor ince they are strear ot 
| 


nerve impulse In particular the impulse 


flux brightne from rod activity 


vould be 
The three color-com type are 


photocher ical | M 


The se have thet ib orpt on pr ak 


arousing 
huge in scotopia 


considered 


to contain respective 


ind 
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' 
j 
A 
4 
Sa 
5 


(protege ete 


(Walls). Schema for normal color system 


Fig. | 


the longwave, middle, and shortwave moieties 
of the spectrum. The R cone, responsible 
for the KX prosensational process which in 
the 


allowed to (that is, when it is not the least 


troduces redness into sensation when 


prosensation or the only one present), nor 


mally contains a little S. This causes the 
familiar secondary shortwave peak on the 
curve of the distribution of RK along an 


equal-energy or a white-light spectrum. The 
capacity of R to synthesize this 5 ts pre 
carious, for it promptly disappears nearly or 
quite completely in even mild protanomaly, 
The R 


cone is thus somewhat abnormal in almost 


in deuteranopia, and in tritanopia 


all kinds of color blindness and not only in 
the protanoid defects 

The sharing of conducting pathways by 
rods and (exclusively or at least largely) B 
cones explains the bluishness of scotopic 
the 
strongly active rods can leak up the blue 


“white”: a few impulses trom then 


huedness pathway, and these are somehow 
not wholly kept from chromatizing the sen- 


WALLS 


y the “excess” mechanism.* Such 
sharing is logical enough. If some cones are 
the sare 

rod messages, it is the B 


best be doomed thus to diffuse 


sation by 


to transmit some of fibers 
that 


which 


over 
carry type 
can 
connections at various levels; for, playing no 


vision, the B 


cones have no responsibilities with regard 


material role intensitive 
to the faithful point-for-point transference 
of the optical retinal image to the cortex and 
consciousness, Only an optic-nerve fiber, and 
never a single receptor out of many con 
nected therewith, can have a “local 


The the 


fluxes may well occur within the retina it 


sign.” 
main bifurcations of impulse 
self, although the ¢ vidence for this does not 
yet seem overwhelming. In the interest ot 
economizing on conductors, it would seem 
better for the system to accomplish the bifur 
cations as close to the cortex as possible, o1 
the 


defe« ts 


other hand, some rare 


that 


within it. On 


color-visual must involve the 
pathways rather than the receptors can o 
cur monocularly but have not been found 
to occur hemianopically——as though most of 
the features of Figure 1 were retinal as to 
locus. And, the selfsame optic-nerve fiber 
might very well carry both encoded bright 
ness and encoded chromaticness messages 
The on-effect in an on-off fiber might con 
note brightness while the off-effect (already 
known to be subdivided; see Walls, 1953) 
may signal hue-and-saturation 

| assume that the relative fluxes entering 
the “brightness pool” are quite directly de 
termined by the photochemical concentra 
tions in the receptors. The assumption 1s 
bolstered by independent evidence that the 
concentration of S in B cones ts far lower 
even at maximum than the concentration of 
M or L (Walls and Heath, 1954). Indi 
vidual differences in the luminosity curves 
of normals would thus primarily express 


* Ordinarily, when only one prosetisation ts acti 
vated, there is no hue in the sensation since there 1s 
exceed 


Walls 


no other prosensation for the given one to 


(Walls, 1952; Walls and Mathews, 1952; 


and Heath, 1954) 
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small differences in the relative concentra 


tions of L and M, as may local differences 


in the retina of the same individual. 

The relative fluxes starting toward the 
chromaticness blending station can be as 
sumed to be in the same triple ratio as the 
three brightn ss messages.* The chromati 


branch from B must, then, pass through an 


amplifier however, in order to bring B up to 
par with Rk and G. There may be amplifica 
in the A’ pathwa 
largest, G, would 


but | have taken the 


tion also nee only the 


certainly not need any }- 
berty of suggesting 
tential G flux 
by the G cone 
neat equality 
white-light 


that the diversion of some pr 
to the production ot a little B 
wn the detinitive G to 


and in the 


cut ao 
with Fk neutral, 


Situation 


This twig from the G cone to the B com 
partment seen nece iry to assume tor 
several reasons. Without it, it is very difficult 
to explain the low saturation ot spectral 


vellow, since the consensu that the B 
cone has no re pon t to wavelengths 
longer than the vell ecn The twig 
makes unnecessary the desperate resort of 
no le than three ets of investigator _ who 
have independently ugvested that KR can 
desaturate G indi vice versa vhen only these 
two prosensations are activated, with both 
R and G neverthel entering into the hue 


and making it ellow or at least yellowish 
(see Walls and Mathew 1952). The slight 
vellowishne of even extre ( longwave 
pectral red 1 ilarly accounted for, for 
while under the exe hypothesis the hue 
there should be that based upon F itself 1t 
only KR and G are present th WX in exes 
the G can tmfluence the hue (by entering 
with some WV’ into the synthe of some Y ) 
if there even a little B “beneath” it 

* But ‘ need not be If « ation occur! 
im a if bed, there the 
nd the bits t be equall 
large. Relative i oO 
either brat 1 be | it by 1 

ation re 


When it is understood—from the G-to-B 
that the total B valence curve 1s com 
pounded, “B,” contribution 
from the B cone and a small “B,” aroused 
by the G cone (and proportional, at any 
wavelength, to G itself), it is seen that the 


twig 


from a large 


chromatic contribution from the G cone 1s 
as if the greenness sensory component of 
colors were not a pure green but a some 


This 


in acquired “tri 


what bluish green, a bG and not a G 


seems why 


to explain 
tanopia,” as may occur with retinitis of de 
tachment, the knocking out of the B cone and 


of most or all S-synthesis does not eliminate 


all bluishness from sensation: the average 
victim of acquired “tritanopia” finds that 


the one hue remaining to him at the short 
his yellow neutral pomt 1s a 


Wave sick ol 


blue 
la tly, the 


green 
G-to-B twig explains why a 
deuteranope’s neutral-pomt wavelength 1s so 


deuteranopia 15S 


close to a protanope’s lf 


indeed a “collapse” dichromasy in which the 
R and G cones and no 5S, the 
deuteranope’s B, curve will he re dward from 
the normal’s since it 1 shaped by the prop 
of L. and not M; so, the total 2 curve 


both contain | 


‘ rt ‘ 
will le 


ection 


lower where it intersects K and the 


inter will not lie far from where B 


protanope. In my 
pseudo -deuteranope, V.P 
the lack of any B, moves 


and G intersect the 


pecial (to be 
reported herein) 
her neutral point even farther violetward, so 


that it lies in the no-man’s-land between the 


lowest value 
more than 50 studied so far) and the high 


for any deuteranope (out of 


any protanope 


est value yet found for 
(among, again, more than 50) 

lhe modifications of the normal schema 
ary to depict the standard dichromasies 


4. Each is quite 


neces 


are given in Figures 2 to 


in line with orthodox suppositions as re 
yards the underlying bases of these condi 
tions. Under three-component theory, they 
are each readily interpretable as having the 
basic defect at the receptoral level 


cones 


(fig. 2) lacks R 


ubstantial loss 


protanope 
suffers a 


con ple tely, henee 
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Protanope 
pow 
VW 
cone cone ro 
Fig. 2 (Walls). Schema for a protanope 
of brightness (which is more and more 
conspicuous as wavelength increases), and 


cannot experience redness. His only hues are 


those relating to G and 2B, separated by the 
neutral point where neither G nor B can be 
in excess, and with each prosensation sery 
ing only as a desaturant in the half-spectrum 
le sser one 


where it ts the 


he deuteranope (fy. 3) has the magni 


KR and G “equal” (or at 


R and G both 


tudes of forever 


least in a fixed ratio) since 

contain only L. (very likely in equal con 
centrations since his luminosity curve ts 
claimed to peak a little redward, on the 
average, from the normal’s). His only hues 


are vellow and prosensational blue, with 


spectral saturations determined just as they 
are in the protanope 

Congenital tritanopia appears to have been 
proved to be, like protanopia, a “loss” sys 
tem (Wright, 1952; Thomson and Wright 
1953). With no B cones and no B path 
mechanism (fig. 4), the only 


way or other 


possible hues are prosensational red and 


L. W 


ALLS 


green, with each prosensation capable of de 


saturating the other when it the lesser 


and with a neutral point where the two are 


equal.* The luminosity curve should be about 
as litthe abnormal as a deuteranop nce 
the lo of the B cones should not alter 1 
materially he probable tuation required 
‘tritanopia”’ is shown in Figure 
While the common dichromast incl the 
normal trichromatic system can thus all be 
repre sented by branched path vay ciayrar 
hve rit ‘ t 
rte 
the nor est ‘ et 
R con ‘ | ep 
ek ‘ ‘ ‘ © ele t 
‘ ait e lete t 
| if Ww ‘ etw tive 
i ) ‘ ree ‘ 
i i ‘ [™ ‘ ca et ¢ 
t the t k 
ump ¢ the / rve esenit 
low, and manage to miterse eG 
hoth re the | el t t the ‘ eme t ‘ 
ultraviolet 
Deuter anope 
‘ares componente” equal 
VY VW 
(protege omte 
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which are pertectiy ef pa rhe nler se | juired Tritanog 
vish to reiterate that the whole branched 
anse * 
on cond ol I ‘ the une pected tate 
ot affairs that in ¢ ur in te ile hetero 
| 
zygou nked ‘ me 
It 1s to these that we no tur - os 
poo 
It Known that inv ot the e 
nthe fi \ ome are concermmed 
one way he vith responsivit 
to light im that of these gem 
have ‘ penet ince ‘ i the tort 
illele of « perte cle nant 
| 
hetero bor protanoy i | otanomaly 
deuteranopia, or deuteranoma perhap 
cast Lat Cally ey ted purit il 
atching nil ‘ Wa ind 7 / on) 
alive It i po bie to one 
dentit cul eve ne carrie! 
it net ‘ ne te ire every 
ingly norma that she cannot have color (Wale). 
Te tr 
ri 
nl on 
\n © feriale who cannot 
pene homozygous tor at olor ion detect ts 
neverthels erpou color blind uch a 
feriale f her tather 1 color-normal, can 
only bone heterozygou obtamimny her one 
deficieney gene from an also heterozygou 
nother who ph notype illy nor il. There 
erignencee post hould be an equal number of seriously de 
fective. but merely heterozygou daughter 
of defective fathers and homozygou normal 
, other uch a ten ile would u uall ln 
hard to wentit i i heterozygote i one 
had to try to prove that her mother could 
not be a heterozygote 
nee the original discovery ot these 
nianitestinyg heterozyyvote ‘ tor deuterano 
i protanon forth t ha been 
universal issumed that ea ho ome 
initestin the ver defect tor hich hie 
| heterozyygou Result vith pose wlisochre 
one 
protege cope would not le id the average investiga 


tor to su pect anything else It also seems to 
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be generally assumed that heterozygotes for 
any given defect must form a continuum, 
from a large majority who cannot be found 
to be even slightly abnormal by any availa 
ble test down to a tiny number who show the 
defect in full bloom as if they were homo 
zygous for it. | suspect that both of these 
generalizations are completely wrong 

In every hundred men, on the average, 
there are five deuteranomals, a deuteranope, 
a protanomal, and a protanope. Since a fe 
male has two X chromosomes where a male 
has only one X and a Y, the opportunity ts 
twice as great for a female to have an 
X-linked defect-gene as for 


one. Eight percent of males are color blind 


a male to have 


in the common ways; but an amazing 16 


percent of females—one woman in six 
are carriers. The clinical normality of nearly 
all of these is obvious to anyone. 

Of the 16 


women, 12 carry deuteranoid defects. None 


carriers among every 100 
of these, as an individual, can be identified 
at present as a carrier from anything about 
her own vision (unless she is the rara avis 
who seems to be deuteranopic or perhaps 
deuteranomalous). With the one carrier in 
four who is heterozygous for a protanoid 
defect, the different, Prot 


heterozygotes do not continuum 


Situation 15 
form a 
between normality and “protanopia” in re 
spect of their color vision, but a large ma 
jority are easily identified by their brightness 
vision. 

When one has a male protanope in hand, 
one knows that his mother must have at least 
one gene for protanopia—-he could not have 
gotten one from his father and still have 
been male himself. If the mother is living 


and available for testing, the chances are 


ponderous that nothing wrong will be found 


with her color vision: she will the 


Ishihara or the American Optical chart test 
without error, will set the anomaloscope 


pass 


within normal limits, will describe a normal 
RDP* (Walls and Mathews, 1952), and 


* Receptor-type distribution pattern 


WALLS 


will have no family reputation for errors in 
color identification and matching. 
obtained on her 


but if a few points are 


photopic luminosity curve it will probably 
be found that she has a depression of long 
wave brightness. As a rare extreme her 


luminosity curve may be exactly a protanopi 
one instead of “halfway” between this and 
a normal one 

This 
short, after its discoverer, “Schmidt's sign” 
(by Walls and Mathews, 1952). The 
lying situation is depicted in Figure 6. In the 


phenomenon has been called for 


under 


prot-heterozygote who reveals herself by 


showing Schmidt's sign, the redness recep 


tors are not lacking as they are in a prota 
nope, nor reduced in numbers and photo 
a protanomal 


chemically abnormal as in 


They are normal, and normal in numbers, 


which is why the Schmidt’s-sign female is 
not a protanomal although she seems to have 
the Rather, the 


defect she does have is at the pathway level. 


luminosity curve of one 


hmidt's Sige 
* 
the “Maree components” 
ment 
‘ 
y 


* one 


| ph 


Schema to illustrate the 
Schmidt's 


Fig. 6 (Walls) 


phem menon ot! sign 
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rhe brightness branch of the R-cone path 
ichow, l paired so that it 
Nothing 


enough to dim 


is somewhere, son 
carries a reduced flux of impulses 


else 1s wrong—but this is 


vellow light, more so 


light 


on complet ly 


for such a woman any 


an orange, and particularly a_ red 


while leaving her color vi 
undisturbed 


The first to my knowledge “completely 


manifesting” heterozygote for a sex-linked 
dichromasy to be identified in this country 
was Lb. L., first described by Walls and 
Mathews (1942: as Ba. L.) he is a dichro 


mate with a color-normal father, but for hes 


the question of whether het putative father 


is her real one or not does not even arise 


kor, B. L. is one of a pair of monozygotu 
identical sister 1s 


thei 


twins and her otherwise 


color-normal Both of the girl and 


mother show Schmidt's sign and one matet 


nal uncle is a perfect protanope (fig. 7) 
Phere can be no doubt that B. L. bears one 
gene for protanopia and no other color 
defect pem 

B. L. suffers no more longwave depres 


sion of her luminosity curve than does het 


sister or the mother. If she were a genuine 


protanope she would lack R cones and would 
then exhibit a protanope’s luminosity 


Her R cones instead are a 


curve 


normal in num 


bers as her sister’s or her mother’s. But, 
though she obtains some brightness from 
their activity (as much as her mother and 


her color-normal sistet he obtains no 


The 


in Figure 8. The 


redness situation must be as shown 


receptor layer is normal 


but one entire color component has been 


Bl 
br poo 
T 
, 
\ 
Ja 
»> 
A 
* 
A 
Fig. 8 (Walls). Schema to illustrate 
B. L.’s color vision 


knocked out “centrally” through failure of 


a “redne branch to deve lop at all. B. L 
consequently has the color vision (but not 
the brightness vision) of a protanope, with 


the same two and only two hues in her spe¢ 


trum. Her neutral-point wavelength is pre 
cisely at the mean protanopic value: 
491.2mp (with respect to a 
nant C ) 

The situation in Schmidt’s-sign prot 


in general and B. L. in par 
Wall 
branching of the path upward from at least 
the R cone. Similar bifurcations of conduc 
from G and B con 
at that time 


hete rozygotes 


ticular convinced and Mathews of a 


remained mere 


Shor th 


tion 
assumptions however, 
V. P. came to light 

I learned of V. P 


teacher of her 


through a former co 
who had confirmed het 


with 


le ve 
an J hihara 
whi h 


vacation pe riod 


flagrant color-defectivene 
had 
t her fan 


test and lent her the book with 


to te ily during a 


she reported back that her brothet ter 


| 
| 
Fig, 7 (Walls). Pedigree of 


1d GORDON 


mother, and father were all normal (hg. 9) 
unless V. P 


a “manifesting” heterozygote tor some sex 


This seemed impossible were 


linked defect, or else homozyvous tor some 


autosomal and recessive type of color blind 
Yet V. P 


there 


an achromate, 


that 


ness Was not not 


was any suspicion she was a 
tritanope 
immediate family 


Mathews 


she Wal 


the 
Walls 


deuteranopia 


| was able to stucly 
with the 
\ 


dichromati 


methods ol and 


stimulated 


but had a clinically normal lu 


minosity curve. But two things made het 


different from any known genuine deuteran 
ope: her neutral port lay between the deu 
teranopic and protanopic wavelength bands 


she RDI 


of normal configuration and used the word 


(see above), and described an 


“red” for its color, whereas a true deuteran 
RDP (see Walls 


These points were enough 


(ope such and 


Mathe Ws, 


secs hho 
1952) 
to make it seem unnecessary to question het 
mother’s morals 

\V. P.’s mother is inescapably a heterozy 
vote for deuteranopia, tor this woman’ 
father, when eventually tested, proved to ln 
RDP and 


fal 


a perfect deuteranope with no 


with an orthodox neutral 
A496, Lin.) 
Che mother could have had no additional 


othe X 


instead, or het 


defect in her 
to \ 


son would have receive d that 


gem for sore other 


chromosome, to give 
gene and would 


WALLS 

not be color-normal as in fact he is. V. P 
then, is a simple heterozygote tor leuter 
anopia. Her RDP being normal, there ts no 
reason to suppose that her ret nal receptor 
laver 1S any way abnormal, let alome ab 
normal in the way a real deuteranope’s 1s 


(fig. 3; ef. fg. 1) 
other 
et by BLL 
account for V. 


Con the hand, with the “precedent” 


in mind, it is easy indeed to 


visual peculiarities by 
ha 
branch of het 


het 


two hue 


avai, a pathway detect she simply 


never deve loped the greenness 
G-com 10) Thi 


dichromatt hould make 


path hig render 


but the 


in her subjective spectrum blue and red 
whereas those of a genuine deuteranope are 
known to be blue and yellow (trom “um 
lateral” where one ve ha neat 
normal colot Vision) 

Neither B. L. nor V l’.. then, actually 
does manite t phemically the detect tor which 
she harbors one gene. Essentially this 1s 
because when one defect-gene in a female 

* 
« 
W VW 7 
J 
Fig. 10 (Walls). Schema to illustrate 


V. P's color vision 


Cok -\ 


does 

ol 
tors—-wl 
doubled would 
operat action 
appears \ I I in the 
animal 
the 


physiologic \ km 


organisn vl, it) lear that without 


branched-pat pothesized 


for the nor 


or the s« 
with Spar 


n \ or 


ritanoid ¢ 

ha been 
B-con 
He, and 
ay would be 


tritanopia. We 
that 


bright vould hardl 


bluene path 


absence of the 
indistinguishable from homo 
7yvous 
howevet 
for tritanopia 
they 
been « 
t appears | ad tha 4 tor pro 


tanopia and normality allele are mtes 
changeab! at one locu 1 \ chromo 
the deuter: and if 


lity gene interchangeable at a separate 
tinct (though not 


Wa Mathew 


equentl le tor 


oe 
con 


neterozvve hoth pro 


hav ing 


X ind 
othe 


“compour: 


| yyvgote 


hould defect 


yene, pl would leave het 


normal). Only four such double 


protanopia and deuteranop i have ever been 


cle ribed lhe first wa identified by het 
having produced both protanopie and deuter 


i 
ther 


anopic sons She herself was « normal 
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tldly (Gothhin 
\nother 


found 


t only anomalous 
1924 


(1949) 


studied by lrances 


ind perfectly 


normal, wa the dauvhtet ot respec 


protanopic and deuteranopic parent 
tably i col pound heterozy 


\ third 


} 
tha her onl 


diagnosed through the tact 


children (two sons) were 


on pound hem with color system 


zygote 


mbining and deuteranopie et 


ind Mathews 


prot 
bed by Wall 


color 


il 


tloid 


the anomalo cope 


Interest here centet upon the fourth 


ase, who, instead of being normal, was to 


woman desig 


did not 


illy color blind a i 
‘F2” by Hylkema (1942). He 


het but 


nated 


understand thought her to 


be achromatt compound 


had on and 
Her visual 


evidenced by 


heteroz i protanopn 


i deuteranopic son rcuity and 


her brightn on (a crit 


il flicker-fu were normal 


hon 
She was not at lla “typical achromate’ (set 
Wall indi Heath, 1954) of the al 


20/200) vision photophobia nvstagmu 


ly trophi | | 


t who has 
and 
make no doubt that 
a Purkinje phe 


Schmidt 


if Iivikema 


wh) 


had 


, 
nomenon and a mal (or 


photopre luminosity curve 


looked for these feature 


2 is readily interpreted, and readily fitted 


nto the chema for the 


1 
normal 


branched pathway 


(into which correct, all 


ongenitall defective ystem must be 


t fitting) if it only be a umed 


otto i\ a combination of 3 | 
ind \ If both of her two different defect 


have exerted the evere, pathway 


that 


le | each ha had in one of 


action 
those two girls 
in Figure 11 


tion 


then het tem hown 
Reduced toa 
and with th 


miple chromati 


(under the exce 


ble of colorizing her pho 


necessarily 


COMA PR 
tively 
ote 
al, it would be difficult to ex 
plain the Sparing of color ind the reduction fects 
of brightness in Schmidt gn (1952); she was HR, Vs every test 
lective destruction of a huedness P| except for a deuterdEEEEE mean setting 
ing of the associated brightness Oo) 
in B. 
ounterpart of B. 
‘ be de 
she 
norn 
‘aaa 
the chr 
1952) a 
tanopia and deuteranopia at once, hme 
mada gene for the other in the other X—or, 
normality alleles at both loci im the ‘ 
\ny such 
of 
il achromate.” 


20 
Masterton 
Ji 
5 
of 
Fig. 11 (Walls). Schema to illustrate 


color vision of F2, J. G 

It does not seem to be essential for a color 
blindness gene to be one for a dichromasy, 
in order for it to be capable of elimmating a 
color-component completely im a heteroz) 
vote as a rare phenomenon, Recently Weale 
(1953) three 
“atypical” 
males and might each be explained 


visual data for 


published 


(normal acuity) achromates. Two 


were 
variously, since for example the simultane 
ous inheritance of cither protanopia and 


tritanopia, or deuteranopia and tritanopia, 


should render the individual achromatic but 


leave his visual acuity normal or even a bit 
supernormal. Weale’s third subject was a 
woman, J. G.. whose visual data set het 


apart im three or four respects from the two 


males 

Fortunately Weale gave enough family 
data so that it can be seen that J. G. must 
be a compound heterozygote (fig. 12) With 
in extreme-protanomalous father, she could 
not but receive from him an X chromosome 


containing a gene for extreme protanomaly 


GORDON L 
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(which is allelic to protanopia and ordinary 
protanomalous trichromasy). But she could 


not have had a deuteranomalous son unless 


she has in her other X chromosome (re 
ceived from her mother) a gene for deu- 
teranomaly (allelic to deuteranopia). The 


fact that her husband is color blind in some 
undiagnosed way has nothing to do with the 


|. G. through her father 


in fact, it 


interpretation ot 


and her son would not matter 


who her son’s biological father was. 
For J. G. to he achromatic must mean that 


ettects just as severe as those 2 sutters can 


be exerted even by solitary genes for the 
sex-linked anomalous trichromasies I could 
not draw separate diagrams for J. G and 


2: bigure 11 suffices for both The le ssons 
P., F2, and J.G 


ol color blind 


to be drawn from B. L., \ 


are that things in the realm 


ness are not always what they seem and, 


that 
must 
they carry until they are proved to be doing 
battery of 


manifesting” heterozygotes hen eforth 


not be issumed to be showing what 


by means of an extensive 


tests 

The rarest of all the kinds of congenital 
In the 


even 


“tetartanopia 


world find 
dozen cases which, under the most liberal of 
any 


color blindness Is 


literature | can only an 


definitions, were tetartanopes Scarcely 


two have been exactly alike as regar 
the incomplete data ordinarily available. For 


Is even 


two ever exhaustively desé ribed, 
1S this 


the case or 
there are no exact counterparts It 
Weale's "J 


extreme 


O- SS protanomal 


Pedigree of Weale’s 


deuteranomal 


12 (Walls) 


Fig 
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individual variability of tetartanopia that I 
st and forer ost 


lition, the indi 


would stress fir 


In a hook’ cast of the com 


vidual finds two neutral points in the spec 


trum, in the yellow region and in the blue. 


sees only one hue quality, 


Between these he 


presumably the normal’s G hue. The two 


end-regions beyond the neutral points are 


hs from both can be 


by equating bright 


both red and wavelengt 
matched to each other 
nesses 
Color-wise, the situation exactly what 
wlern three 


to be 


would be predicted under the 
B com 


tritanopia, but with 


component theory if the 


Wore 
missing as in hereditary 
the R cone remaming not il Lhe only 
prosensational valence curves then present, 


and 
the neutral points ; 


would imtersect twice to produce 
and, with X above G in 
both end-regions the only hue possible in 
either would be red 

If the whole situation were thi mple and 


had this basi 


alike a> 


tetartanopes would be a much 


protanopes ar But perhaps the 


most conspicuous thing that tetartanopes do 
i 


have in common is a great and unpredictable 


departure from normal spectral luminosity 


distribution. For only about half of the cases 


were any dependable lun nosity data ever 


obtained. In at least four of these the curves 


were characterized by two widel eparated 


abnor ally lo ated peak, 


o forth. It 


peaks, or ome very 


greatly enlarged area, and 


ora 
is in respect of their brightne on that 
tetartanopes differ the most; and it 1s just 


} 


this that cannot be « x plained by the 


nearly 


of B receptors and an otherwise 


normal system than that of a tritanope 


I shall offer here only an analysis of the 
one full description most comprehensible to 
(1923), 
of the only tetartanope ever to be described 


from the We Hemisphere, Mr. D. I 


have corresponded with him and | 


me—that by Richardson-Robinson 


tern 
beheve 


he 1s still living ; but | ha e not been able 
| 


to study him myself. Richardson-Robinson’s 


nothing to be 


work with him actually leaves 


desired « xcepting the obtaining of his entire 


photopic luminosity curve referred to an 
equal-energy spectrum, which she never did 
secure 

Color-wise Mr. D. is a diagrammatic case, 


both 


spectrum and green in the middle 


reporting only red at ends of the 


between 


neutral points in the expe: ted places. But the 


brightest point in the spectrum of any con 


tinuous source was always in the blue or 


violet. The major peak, if not the only one, 


in his luminosity curve is at about ~466myp 


Despite his blueness, 


inability to « 


that he lacks B 


curve Is ¢ en 


it is inconceivable cones 
ince his photopic luminosity 
tially the absorption spectrum of a B cone, 
summed with greatly reduced curves tot 


R and/or G cones. Most als find the 


purest spectral blue at about 4 170my 


nor 


While blue objects have no bluene for 
Mr. D., they have an mtensitive property 
which would not be predictable tron hi 


luminosity curve alone. They are often 
brighter and whiter than white objects 
This seems physically impossible when one 


remembers that no blue surface could ever 


reflect more of the energy in the blue wave 


length-band than high-reflectance white 
urface does, Neverthele when one rich 
blue paper was laid alongside a white paper 
hefore Mr. D.. he called the blue one white 


and said that the whit paper \Was dingy by 


(On another when the 


had 


blue ink on white paper, Mr. D. saw no writ 


COM parison occasion 


tigator written him a note with 


ing on it until he caught the light on the 
paper from an angle which showed up the 


made by the lor Mi 1)., the 


particular ink and the particular paper were 


mark pen 


a brightne match. By contrast a protanope, 


who cannot see redne in red-ink writing, 


ees the writing very plainly indeed—as 
black writing. Mixing the inks in thei 
bottle is an ave old trick played upon pro 


tanopr book kee pel 


hle defect at the receptol il level 


‘ 
po 


could explain Mr. D. If we assume instead 


» GORDON L. WALLS 


ar © brightness. The diversion cannot occur be 
46am tween the B cone and the brightness pool, 
one br ness else a white stin ulus would he brightened 
/ as well as a blue one. For Mr. D. to see 
- some blues as brighter than whites, the 
ae diversion of chromaticness flux so that tt 
* 
has a brightness effect must occur, as shown 
; in kigure 13 high in the svsten 
Just such defects may never have de 
‘ veloped in any other ind vidual. The pornt 
/ however that Mr I). isa tetartanope 
// and that his vision can be « xplained entirely 
at pathway lk els without assuming anything 
mee ments 
> ‘ | but absolute normality in the receptor layer 
; | of his retina. This, be it noted, he shares 
e | with B | \ ond G 
} Those women are heterozygotes tor sex 
linked dichromasies and anomalous trichro 
W Y ‘ masies. If color-blindness genes of all sorts 
@ cone one © cone <a have their heterozygous actions (when they 
have any) on the branched pathways in tead 
protege 
of on the receptors then Mr. D. and any 
Fig. 13 (Walls). Schema to illustrate 
other tetartanope is under suspicion of be 


olor vision of Mr. D 
ng a heterozygote. A male cannot be hetet 


that he has normal receptors and abnormal ozygous for protanopia, protanon aly, deuter 


pathways, his system may be as shown in) anopia, O1 deuteranomaly. But he can be 


Figure 13. The amphher 1s mislocated in heterozygous for tritanopia, tor in Wright’ 


the B-cone system so that the B cone makes abundant material it can be plainly seen that 


much the largest contribution to bright tritanopia is inherited like any simple reces 
ness. Impairments like that which causes sive trait. Its gene locus 1 either m= an 


Schmidt's sign exist in both the R and autosome, or else in the homologous seg 


G-cone systems. The absorption spectrum ments of the X and Y chromosomes. Indeed, 


of the S in the B cones is therefore the chiet all known tetartanopes but one have been 


determinant of the photopic lummosity males (their number is too small for a 1 l 


curve and accounts for its highly abnormal sex ratio to be a reasonable expectation ) 
maximum in the blue region, together with 1 wish therefore to suggest that the gene 
normal spectral limits What makes Mr. D for tritanopia, like that tor any sex linked 


a tetartanope, however——a “blue-blind” or color blindness, occasionally has a severe 


“blue-vellow blind” dichromate is the fact effect in a heterozygote; ind, that when it 
that any chromaticne flux that ought to does, it creates a “tetartanope : 
be arousing a blueness hue component m sen School of Optometry, 
sation is somehow giving him instead extra University of California 
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THE PARTICIPATION OF 
HUMAN LIGHT 


Fpcar Averpacnu,’ M.D., 
Cambridge, 


Though it is generally conceded that nor 
mal human color vision requires the presence 
in the retina of at least three different types 
of cone, it has proved very difficult to dem 
onstrate this directly. Many visual variables 
show clearly by an inflection or a change in 
hue the transition from cone to rod function ; 
but the cones, though a highly mixed popu 
lation, ordinarily display no such discontinut 
ties ( Hecht, 1937) 

Perhaps the most significant exception to 
the work of Stiles 


Stiles measured the 


this rule found 
(1939; 1949a, b) 


bility of a small test stimulus of one color 


is 
visi 
viewed foveally against an adapting field 
His measurements display 


like 


ordinarily mark transitions between rod and 


of another color 


characteristic intlections, those which 


though here involving cones 
the data, 
Stiles has derived spectral sensitivity curves 
de Vries (1946) 


similar measurements 


cone Vision, 


alone. analysis of such 


lor three classes ot cone 


has since reported 
leading to much the same result 

It has long been known that dark adapta 
tion in man and other animals which possess 
both rods and cones proceeds in two stages 
Following a high state of light adaptation, 
the visual threshold falls rapidly to a first 
plateau; then the threshold begins abruptly 
to fall again to a second and final plateau 
Phe first segment is the dark adaptation ot 
the second that of the rods. The 


from thresholds 


the cones, 


transition cone to rod is 


marked by a more or less sharp break; yet 


the course ot dark adaptation in the cones 


*From the Biological Laboratories of Harvard 
University. This tigation rted m 
part by funds trom Rockefeller Foundation 
and the Office of Naval Research 
' Hadassah Fellow 


from Hadassah Hospital, 


inve was supp 


the 
Research in Ophthalmology 


University Jerusalem 
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AND DARK ADAPTATION* 
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themselves usually appears to be altogether 


smooth 
to 


Several workers have adapted the 


colored lights, thinking that the ensuing dark 


eve 


adaptation might better eX pose differences 
Wright (1934) and Wal 


ters (1942) adapted one eye to monochro 


among the cones 


matic light, and then followed its mmecrease 
of sensitivity in the dark by measuring 
periodically the energy needed in this eye 
to match the brightness of a constant light 
of low intensity in the other eye The meas 
urements were central and involved pri 
marily cone vision. The results displayed a 


variety of selective effects ot adaptation to 
colored lights, from which the approximate 
forms of sensation curves could be inferred ; 
but the data obtained in individual experi 
ments displayed no internal evidence of 
heterogeneity 

Mandelbaum and Mintz (1941) measured 
the dark adaptation of the human fovea with 
red, green, and violet test lights, following 
adaptation with very bright lights of various 


Dhese 


primarily the cones 


colors measurements also involve 


The results show 
after 


alome 
small selective effects of colored lights 


exposure to red hght, the threshold to red 


is particularly high, and dark adaptation 
measured in the red is relatively slow. Ex 
posure to violet light similarly depresses 
selectively the sensitivity in the violet 
Under the circumstances of these experi 
ments, however, all the dark adaptation 
curves appeared to be homogeneous in form; 
all of them fall smoothly from the initial 
reading to the final dark adapted threshold 

We have taken such data to mean that 


though the retina contains a variety Of cones, 
their spectral sensitivities overlap so widely, 


and their changes in light and darkness run 


parallel, that relatively comph 


close ly 


LIGHT 


CONES IN 
cated procedures my eded to reveal 
differences in either regard. This 1s reasona 
ble; for if it were easy to upset the relative 
contributions of different types of cone to the 
visual response, any given stimulus would 
hues, «ce 


and the 


appear to us in many ditterent 
pending upon the state of the eye 
conditions of stimulation 


The 


measurements of 


present originated in 


experiments 
dark 


monochromatic test lights in peripheral areas 


idlaptation with 


of the retina. When conventional procedures 


were used, the dark adapt ition of the cones 


appeared to follow 
When the measurements of 


the f 


its familiar smooth 


course visual 


threshold were spaced very closel 


however, discontinuities appeared. For a 


time these were thought to be fortuitous 


further experiments showed 


real and reproducible, 


variations ; but 
them to be and to 
their 


independent 


source in the participation of 


have 


several mechanisms in cone 


dark adaptation 


APPARATI AND [’ROCEDURES 


All our measurements of the visual thresh 
ed with the spectral adap 


(W ild, 1945a). 


wavelengths are 180 


old were perforn 
tometer described earlier 


In this instrument, 10 


lated with color filters from the radiation of 
a high pressure mercury are lamp. The test 
field subtends an angle of one degree with 
the eye, and was exposed for flashes of one 
fifth second, Its brightn regulated by 


means of a pair of annular neutral wedges 


which rotate in opposite directions so as to 


other \ 


point permits the image ¢ f the 


compensate each variable fixation 
field to fall on 
any patch of retina within a radius of 12 
degrees of the fixation point 


For highly 


of this instrument bearing the 


eccentric fixations, the front 
eyepiece was 


field The ob 


a chin rest with 


test 


removed, exposing the 
server's head was held in 
80 em. from the field 


the eye Projecting as 


a radius from the chin-rest as center was a 


rigid rod, bearing at its end a fixation point, 


AND 


ADAPTATION 


SO cm. from the eve The rod could be set 


by means of a mounted on the 


so as to hold the 


protra tor 


chin rest, fixation point at 


anv desired angle with the eye and test field 


For light adaptation we used a 1,000-watt 


lan p at a distance of 65 em. from a plano 


convex lens (focal length 18 cm., diame 


ter 11.5 em.). The eye was held at the lens 


focus in the position of so-called Maxwellian 


view, in which the surface of the lens ap 


peared to be evenly illu inated. The wave 


length composition of the field was re gulated 


with color filters, its brightness with neutral 


filters 
The brightnesses of both white and 
measured visu 


hat 1s 


colored adapting lights were 


ally with a Macbeth Illuminometer 
all such brightness« 


white of thi 


were evaluate d in terms 


of the standard instrument 


ing lights 


and other characteristics of the adapt 
lable l. 
monochromati 


field of the 


are shown in 
The relative 
light delivered at 


adaptometer were measured with a barrier 


energies of 


the test 


wavelength 
and by the 
\ll thresh 


pape r in terms of 


lave photocell, calibrated for 
sensitivity at our laboratory 


National Bureau of Standards 


olds are reported in thi 


relative energy. 


HETEROGENEITY OF CONE DARK ADAPTATION 


lollowing 


dark adaptation of an extrafoveal region of 


intense light adaptation, the 


the human retina, as already noted, displays 


clear evidence of rod and cone function, An 


example of such measurements 1 hown in 


Ligure 1. 
In this instance the eye was highly adapted 


result would not have 


light had been 


with green light; the 

different if 
employed The thresholds 
ward in the dark with deep red light (691 
high initial level 


been very white 


measured after 


my) fall rapidly from a 
toa plateau, attained in about five minute 
There is no further change. The sensation 


expe rienced at the threshold is red through 


out. This is the dar] adaptation of the cone 
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TABLE 1 
COMPOSITION AND BRIGHTNESS OF ADAPTING LIGHTS 


(The source in all cases was a 1,000-watt, concents ited-filament projection lamp, run at ibout 115 volts 
Color filters were of three kinds: Wratten (W), Jena }) and Corning (¢ In all 


cases a Jena BG 17 filter was inserted to eliminate heat radiation 
Range of Dominant Log 
Filter Color Wavelength Wavelength trightme 
millilambert 

Nome W hite \ll isibole 5.74 
| BG 12 Blue Below 500 ca. 470 1 20 
W. 5A (sreen 180 600 540 5.81 
( i344 Yellow \bove 490 ca. 580 6.44 
{ i404 (range \bove 520 ca. 595 6.15 
W. 22 (range \bove 550 595 6.14 
W. 26 Orange-red \bove 590 619 5.87 
W. 29 Red \bove 610 63)? 5 45 
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Minutes in dark 
Fig. 1 (Auerbach and Wald Dark adaptation following five utes’ ex P 
(Wratten low brightness 81 millilamberts). Test field: om leyree entered < 
fixation point, and exposed for flashes of one-h th second. The measurement f thre sere mace 
$92 mp in the blue-green, und at 691 mp in the red. Thre ls are | ted re e ene Solid 
circles mark thresholds seen as colored; the small letter u licates the reported ( ed ee 
Open circles mark thresholds seen as colorlk The entire met it GOL mm ri < e first 
segment of dark adaptation measured at 492 mp also ts lue to ‘ und is see ed: the se | 


segment, seen as colorless, is due to rods 
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d a raptat« white (CM. 
8 an at 7 vi 
fo y ingle, 6° above fovea 
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Minutes mn dark 
Fig. 2 ‘ nd V Rey e dar} lap e. Three ecutive 
‘ bye the u) le ‘ ere ‘ ree tlhe 
t \ ‘ tive ‘ report 1 thw lorle 
All three cone adaptat fl ef t laptation. In the 
‘ ere rp ‘ rod thre | 
Rods do not ente uch easure ent ln pla veculiar irregularite ol hape, and 
| | | 
cause of the mser mu ometime more than ome plate iu 
Darl idap ition easured 1 the ariit \n exan ple of thi type ot re ult hown 


experiment at 492 my in the blue-green, a 


wavelength that both rods 


ind cone be ‘inl ith i of th esh 
old to a phate iu. rough! ) tlle vith that 
measured in red light. Duru ilmost all of 
this interval the threshold een as green 
the darl idaptation of the 
one At about 12 nut however, there 
is a sharp break and the thr hold begins to 
fall again; simultaneously there 1s a loss ol 
color sensation (open cirel 1} the 
dark adapt tion of the rod lt ends about 
3) minutes later in a second plateau 

In the curves of Figure 1, the cones yield 
as smooth data as the rod Under other 
conditions, however, we occasionally found 


the cone segment ot dark a lapt ition to dis 


ire In th case the eye wa adapted 


to bright white light, and thresholds were 
measured with yellow light (578 my). For 
the first one to two minutes, the cone thresh 
olds fall rapidly. Then they pause or even 
become constant. Then, at about four min 
utes, the threshold suddenly falls again, thi 
time to the conventional con plateau blere 
it remains until about the eighth minute 
when it breal wain and descends rapidly 
in the dark adaptat on of the rod 

lor a time we tended to dismi uch 
regulariti n the course of cone darh 
adaptation a fortuitou \ Figure 2 
how however, they can bn highly repro 
ducible. The obvious meaning to attach to 
the that they represent an interplay ot 
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responses from several different types of 
cone, pre sumably those responsible for color 
If the 


different types of cone must possess ditfer 


differentiation this is so, however, 


ent spectral sensitivities; and it should be 


possible to alter the shapes of such dark 


adaptation curves in predictable ways by 


varying the wavelengths of light adaptation 


and of the test lights used to measure dark 
adaptation 
SUBIECTIVE EFFECTS OF EXPOSURE TO 
INTENSE COLORED LIGHTS 


We therefore undertook a study of dark 


adaptation following light adaptations in 
selected regions of the spectrum, The prim i 
pal difference between our measurements 
those of had 


adapted subjects to colored lights involve the 


and earlier workers who 


intensities employed. Our colored lights are 
very brilliant, in general of the order of 
10° to 10° millilamberts (see table 1). The 
which they induced 


selective adaptat 


were accompanied by a re markable series of 
subjective changes in sensation.” 

So for example a subject exposed to our 
blue adapting light (Jena BG 12) sees it tor 
Within about 


0.5 minute it turns pink, then within about 


the first few seconds as white 


1.0 to 1.5 minutes goes over to bright red; 
and so it remains 

Similarly, exposure to orange-red 
light (Wratten 
momentary sensation of pink, 
10 to 15 


vellow to a bright green, maintained as long 


adapting 26) yields a 


which goes 


within seconds over orange and 
as the light continues 

Such adaptations to intense colored lights 
are followed also by strong after-sensations 
the 


deep 


adaptation to 
looks 
Following adaptation to the blue, a 


look 


Immediately following 


orange-red, a white surface 


violet 


white surface may blue for a few 


years that mon 

s the brightness ts 
( Bezold- Brucke) 
litera- 


* It has been known for many 
chromatic lights change 
made hich (Helmholtz) 
We have been unable, however, to 
ture des riptions Of Ste h drast« changes in hue as 


im 
or low 


find in the 


reported here 
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seconds, then turns orange, and fades over 


yellow to eve ntual colorlessness 

All of this is important in understanding 
the of the which 
follow 


light 


meaning measurements 


The 


ad iptation 


sensations experienced during 


afterward provide 


that 


and 


immediate ind clear evidence speci 


color have been selec 


sed 
seems to depre +s 


that 


cla ses Ol response 


tively depre Adaptation to blue light 


a blue-sensitive mechanism 


selectively, so the sensation while the 


light is on turns to red; but blue light spares 


relatively the red and ensitive sys 


yreen 
tems, so that-—following what appears to be 


a short interval of blue positive atter-image 


red 


Similarly adapta 


a white surface looks orange (that 1s, 

somewhat less green) 
tion to orange-red light selectively depresses 
scetisa 


a red-sensitive mechanism so that the 


tion turns to green. Such orange-red light, 


as Wwe shall show, almost completely spares 
the violet mechanism, so that a white surface 


just alter ward looks violet 


[DARK ADAPTATION FOLLOWING EXPOSURE TO 
INTENSE COLORED LIGHTS 
By combining various colors of light 


adaptation with various colors of test fi ld, 
we obtained a great variety of cone dark 
adaptation curves of different shapes, some 
simple, some complex It was possible also 
to establish the reproducibility of some of 
the complex functions, as in Figure 2. This 
provided some ground for confidence in the 
function 


heterogeneity of the cone 


Finally we found a combination of con 
ditions which demonstrated this beyond any 
possibility of doubt. An example is shown 
at the left in Figure 3. The eye was adapted 
to orange light of dominant wavelength 595 
Then its dark adapta 

436 and at 621 


performed as 


my for five minutes 
tion was measured at 
These 


follows 


my. 


measurements were 


In the first few minutes of darkness fol 


lowing light adaptation, thresholds were 
measured monocularly at 436 mp alone. A 
little later these were interspersed with 


CONES IN LIGHT AND DARK ADAPTATION ”) 


T qT T T T T T qT T T qT T qT 


9+ + 
4 
MW x53 
Biue light adaptation o 
<= 
> 
oa 
= 
= 
4 


oO 5 10 15 20 25 0 5 10 15 20 
Minutes in dark 
Fig. 3 ( Auerba nd Wald). Dark adaptation measured in the violet (436 mp) and orange (621 mp), 
following light adaptation in the orange (Wratten 22) and blue (Jena BG 12) Ihresholds seen as color 
less are marked with open circles, t e seen as colored with filled or partly filled circle nd small letter 
indicate the color reporte | \ \ et: | blue t red y vreen. The data at the lett pr vide un 
equivocal evidence of the responses of at least two types of cone differing wide n spectral sensitivity 
Cone dark adaptation measured at 436 mp ¢ xhibits two plateaus, and two crossin with the measurement 
at 621 mu: the first marking the ift of threshold from a violet-sensitive cone to a more general cone 
response; the second crossing marking the Purkinje shift from cone to rod vision, The measurements on 
the right exhibit only the second cre ng, due to the Purkinje shift; but even here the heterogeneity of 
cone tunction implicit in the pecuhar ipe of the measurements at 136 mu, and the sequence of color 
reports 


measurements at 621 my. Then the other violet light, the normal cone relationship 


eye of the subject was adapted to orange At about 14 minutes the curves cross again, 
light just as before; and this time measure this time in the true Purkinje shift, as the 
ments were begun at 621 my, later inte thresholds at 436 my go over from cones to 
spersing them with readings at 436 mp. In rods 
this way we obtained dark-adaptation In this experiment, the dark adaptation 
curves at both wavelengths simultaneously of the cones, measured at 621 my, is simple 
Figure 3 shows that following orange in form; but that measured at 436 my 1s 
light adaptation, the cones are at first more discontinuous. There is a first very rapid 


sensitive to violet light (436 ma) than to fall of threshold to a well-marked plateau, 
orange (621 my). This is just the reverse attained in about two minutes ; then at about 
of the usual relationship found in cone four minutes there ts a second sharp fall ot 
vision. Then at about two minutes of dark threshold to a final cone plateau 

adaptation the curves cross, in what may be Characteristic color changes accompany 
described as a reverse Purkinje shift; and this performance. The thresholds at 621 my 
for the remainder of cone dark adaptation, were reported as red throughout the ex 


the threshold is lower to orange than to periment. Those at 436 mp were reported 
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first as violet, then as blue, and finally, as 
the thresholds went over to the rods, as 


colorless. 

Of all these evidences of the heterogeneity 
of cone dark adaptation, one takes priority 
over the others. This is the first crossing of 
the curves, at about two to three minutes in 
Before this the 


were more sensitive to violet than to orange 


darkness crossing, cones 
light, a relationship commonly characteristic 
Afterward the cones reversed this 
That 1s, the 
minutes of this experiment the cones ex 


hibited a very different spectral sensitivity 


of rods 


relationship for first two 


from that usually attributed to them, chara¢ 
terized by an unusual sensitivity to violet 
light. We shall return to this point later 
At the right of Figure 3 a similar exper! 
ment is shown, performed with the same 
subject, but involving adaptation to blue 
light. Now the thresholds at 436 my lie con 
siderably higher than at 621 my throughout 
the course of cone dark adaptation. The 
curves cross only once, marking the classic 
Purkinje shift as the thresholds at 136 my 
go over from cones to rods (14 minutes ) 
In earlier times we would have plotted such 
cone data as a simple pair of parallel lines 


The 


measurements at 621 rriys do appear to be 


up to the break in the 436 mp curve 
simple, and are reported as “red” through 
out, The measurements at 456 mp appear to 
display minor inflections, but if this were all 
we should probably have regarded this curve 
also as simple The color reports at $36 my, 
that 


deal with a comple x success1on of responses 


however, show here too we have to 


At the beginning of dark adaptation, this 


light, ordinarily seen of course as deep 
violet, 1s reported to look colorless; later to 
look green, and only toward the end of cone 
dark adaptation as blue or violet. It is plain 
that even here, despite the re latively simple 
geometry of the curve, we are dealing with 


a complex function 


THE VIOLET RECEPTOR 


The data at the left of Figure 3 yield a 


first view, in the initial measurements at 
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436 my, of a receptor peculiarly sensitive 
to violet light. There 


the data at the right 


is no hint of this in 
Under what conditions 
does it appear ? 
This question is answered in Figure 4 
Here four dark adaptation experiments have 
been performed with the same subject as in 


beac h 


to a different complex of wave lengths ; and 


Figure 3 time he was light adapted 
his dark adaptation measured at 436 and 
621 my 

Following adaptation to white light, the 


cone dark adaptation curves are relatively 


simple in shape, and almost parallel. The 
only reliable evidence of heterogenetty is in 
the color reports at 136 my, which go 


through a sequence like that just described 
At the threshold, the light at 


first then blue, then 


violet test 


looks colorle ss yreen, 
then blue again, finally becoming colorless as 
the 


somewhat from one observer to another, but 


rods take over Such sequences Vary 


are remarkably regular in any one subject 

Following adaptation to yellow light con 
taining all wavelengths of the visible spe 
trum longer than 490 my, much the same 
kind of 


case the data at 436 mp seem to describe 


result is obtained; though in this 
two cone plateaus 

With adaptation to light longer than about 
the 
duced in The 
dark adaptation, measured at 436 mp, im 
the the 


adapting, violet-sensitive receptor ; 


phenomenon imtro 


first 


520 my, we obtain 


Figure 3 minutes of 


volve function of special, rapidly 


and for 
the first two to three minutes the thresholds 
at 436 my lie below those at 621 my 

We can conclude that the special condition 
which evokes this type of re sponse 1s adapta 
lights of 
Better 


tion to longer wavelengths than 


about 520 my. said, it 1s tion 


protes 


from lights of shorter wavelength. One can 


see from ligures 3 and 4 that the dark 
adaptation curve measured at 621 mp 
changes very little with the quality of light to 
which the eye is adapted. All our lights 


adapt very highly the cones sensitive at 621 
| 


my. The special point is that orange-to red 


light almost tatls sensitive 


violet 


to adapt i 
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a 


Log threshold 
& 


&o 


446/144 


ae a 


Time in minutes 


receptor. This is spared to such a degree number of subjects repeatedly to orange o1 
that its function, measured in the violet, orange-red light, and measured their dark 
emerges in isolation during the first few adaptation curves at eight) wavelengths 
minutes of dark adaptation ivailable im our pectr il adaptometer \ 
Because of this receptor, the spectral an uch measurements 1s shown m 
sensitivity of cone vision is very different b igure 
just after adaptation to orange or red light From such families of dark-adaptation 
than it is under other circumstances. To curves, we have read off the log threshold 


measure this difference idapted a it ch wavelength following one minute 


= 
CONES 
mM ; 
9 | White Ye/low light 
t 
v 
b 
; 
444 
4 
Orange tight range-red 
520 mu $90 mu 
af 
b 
6 v 436 rrys 
r r 62/1 
© 
62) 
bi + | erba und W ). Ca tions which evoke the violet receptor. Pairs of dark adaptation 
rve ‘ red at 436 and 621 mu, tf wing ntation to white and colored lights. Data from a single 
ubje t After laptat nt ‘ te or w (Corning NJ). the lar} idaptats nm curve ot the com 
rei b par el. After ex] re to orange t (Cornu id owever, the initial portion of dark 
laptate me ed 1) nw ted the et receptor 1 the dart laptation curve re 
twice in Figure 3 (lett) \ wation t ranve-red lh t (Wratten 26) accentuate this etlect 
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M_W. 
Dart adaptation following 
orange light adaptatior 


Leg thresheld 
N 


\ 


a2 . 


ove 


5 (Auerbach and Wald) 


wavelengths 


Dark adaptation 
following light 
red. The light 


Fig 
measured at four 
adaptation in the orange or 
adaptations were as follows: for the curves meas 
405 and 492 mp, red light (Wratten 

the curves measured at 436 and 546 mp 
light (Wratten 22). Such 
curves, extended to include other wavelengths, yield 
the threshold at and 10 
dark adaptation from which the spe 
tral sensitivity and 7 were 
obtained. Dark 105, 146, 
and 492 mp, begins with the violet receptor ; and 
the threshold 436 


orange 
ured at orange 
For 
orange families ot 


values of one minute 
minutes of 
curves of Figures 6 
adaptation measured at 
this s minimal at 


within serie 


mp tor this element 


and 10 minutes of dark adaptation. To make 
the 
others in the literature, we present them not 


data more readily comparable with 


as log threshold measured 
but log (l/threshold) or log 
threshold), the log sensitivity. In this way 


the quantity 


as 


we obtain an approximate measure of the 
spectral sensitivity of cone vision at one 
10 
orange-to-red light 


and minutes following adaptation to 


The averaged data of such measurements 


on normal subjects are shown in 


Figure 6. The curve obtained at 10 minutes 


seven 


of dark adaptation resembles the familiar 


spectral sensitivity curve of cone vision as 
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measured in the peripheral retina ( Wald, 
1945b, 1949). It has a broad maximum at 
about 555 my, and an inflection or shoulder 
in the neighborhood of 450 my. 

The spectral sensitivity of cone vision at 
one minute of dark adaptation, however, 1s 
altogether different in shape. The principal 
maximum is in the violet, in the neighbor 
hood of 436 my, the sensitivity fallingeeft 
sharply to either side. This is the spectral 
sensitivity band of the violet receptor We 
see from its shape why lights of wavelength 
longer than 540 mp spare this receptor, for 
at this wavelength its sensitivity has already 


fallen to a low value. The sensitivity curve 


— 


Spectra/ sensitivity 1 and 10 mnvtes 


after adaptation to red /ight 


Log relat ve sensitivity 


500 600 
Wa velength-myu 


tral 
ind 10 minutes 


(Auerbach Wald) 


one vision measured one 


Fig. 6 and per sensi 
tivity ot 
atter 


data 


ilaptation to orange 
normal obs 


om cle 


irom seven 
involve a 


below 


ments . 
fixation The rdinate 
as log relative sensitivity (= log 1/thresh- 
threshold) The the 
arbitrarily set at zero 
curve ol! 
(Stiles, 


degrees the are 


log maximum of 
has been 


1). 


“blue mechanism” 


10-minute curve 
(sensitivity 
Stile 


1949%a) 


For comparison the 
is also included 


32 
8 
6 
) 
5 494 7 
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\ 
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5 
| 
| 
4 


LIGHT 


as a whole goes through a minimum at 510 


to 520 iw, and the n rise ' the broad maxi 
mum at about 555 my conventionally associ 
ated Vv ith the cones 


We have, 


accurately eithes 


as yet, too tew points to detine 
the shape or position of the 
violet re 
that it 


spectral sensitivity curve of the 


ceptor. It is already clear however 


closely a 


I ibles imum found by 


Stiles in the neighborhood of 430 my in the 


spectral sensitivity curve of peripheral 
cones adapted to intense white light | Stiles, 
1949a, fig. 11). From his n 
the differential shold of 


fields against backgrounds ot 


easurements ot 
test 


thre colored 
other colors 
of a 


Stiles has also computed the 


she rt-wavelength receptor mechanism which 
‘Blue 1949%a, fig. 15) 
This is plotted for comparison in Figure 6 
that 


(Stik 


he calls 


lhere Is no need to labor the point 


we seem to be dealing with the same 
mechanism.* 

Indeed the 
be traced back to the 
derive approximate 


tions for the 


history of this receptor can 


earliest attempt to 


pectral sensitivity tune 


Various type ot come 


Konig 


and (1802) a outcome of 


color Vision 


otte red 


their classic investigation of the 
of normal and colorblind observers, 
a trio of “Grundempfindungen,” or bast 
wavelength 


sensation curves I he hort 


member of this set is n iximal at about 


Our own data are equally re 


my, a little to the red from Stiles’s 


mechanism.” 
concilable with either function 

What sens vin with th 
In the dark 


measured at 405 or 43 Ud 


receptor 4 


portion adaptation 
following ex 
posure to orange o1 red light, when one 
receptor alone 


thresh 


seems to be deal ny with thi 


normal observers usually report the 
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violet, less often as blue 


old 


(fig. 3) 


sensation as 
\s will appear below, out deuter 
protanopt observers have al 


“blue.” We are there 


degree ot 


anopie and 


wavs reported it as 


faced with chores 


he 


regarding this sensation, a choice that has 


a problem since Thomas Young 
by Gothlin, 1944) 


We preter to speak of this as the violet 


presented 
(see the review 


receptor because its maximum sensitivity ts 
in the violet; and because when it appears to 
observers 


Another 


following 


function alone, most normal 


port the sensation as violet con 


may be relevant 
heht 


violet light u ually look violet 


sideration 


orange-to-red adaptation thresholds 


measured with 


initially: but later with the descent to the 


econd cone plateau, marking the entrance 


of othe types of cone, they frequently are 
blue 


appear in Figure 3, in the lower right hand 


reported as | xamples of this ettect 


section of Figure 4, and in the measure 


ments at 405 and 436 mp in Figure 5. It ts 
as though the violet receptor alone induces a 
violet sensation, while the mixture with 
of cone changes this to blue 


that 


other typ 


It might be thought just as adapta 


tion to red light isolates a violet receptor, 


adaptation to blue light might isolate a red 


receptor, Our experiments do not indicate 


such result. As 
adaptation to blue light ha 


Figure 3, 
effect on 


shown m 
little 


any 


dark adaptation measured at 621 mp. It does 
however light adapt very strongly the violet 
receptor 

We have measured the dark adaptation ol 
to ¢ ivht wave 


seven 


light 


everal observe at 


lengths, following blue idaptation, im 


an experiment comparable with that shown 


the curve 


in igure family of 


which resulted we have determined — the 
spectral sensitivity of cone vision at one and 
10 minutes ot dark data 


ire plotted together with those of bigure 


adapiation These 


6in Figure 7 


The curve at one-minute dark adaptation 


after blue light shows no trace 


exposure to 


of the violet receptor leven the hallow in 


= 
wnism” which, in addition ¢t the peak at about 
remainder of the spectrum. This may represent ee 
the comp te effect oft the et receptor ind 
optic fiber 
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Spectral sensitivity after adaptation | 
to red or lights 
0/0 minvtes 
0 


< 
> 
. SP 
| 
/ 
3 
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A. + + i 
400 600 700 
Wavelength 
Fig. 7 (Auerbach and Wald). Spectral sensi 
tivity of cone vision measured one and 10 minute 
atter exposure ranue to-red or bluse 
light Aver aged data trom a number of subjects 
The sensitivit after oranwe-to-red light idapta 
tion are as in Figure 6, Those following blue light 
adaptation were obtained by a similar proce lure 
The one-minute curve cr at about 510 mp: 
below this wavelength the ensitivity is higher 
following red light adaptation, above this wave 
length it is lneher follown blue light adaptation 
after 10 minute lar} omething re 
mains of these difference the mall letters 


attached to the lid circles 


flection near 450 my in the familiar photopr 


sensitivity curve is lacking here. There 1s 


also another ettect red light adapta 


the 


yust as 


tion spares violet receptor, blue light 


adaptation spares— though only slightly 


the long wavelength receptors. The two one 


minute curves cross at about 510 mp 
Relow this wavelength, the sensitivity 1s 


higher after red light adaptation ; above this 


wavelength, it is higher after blue light 


adaptation 
Something remains of these distinctions 


even after 10 minutes of dark adaptation 
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Now the sensitivities have drawn close to 
gether; 10 minutes in the dark have alme 

erased the differential effects of red and 
blue light adaptation Yet, as the sma 
letters indicate, at short wavelengths the 
sensitivity tends still to be a litth higher 
after red light adaptation, while at long 
wavelengths it is a little higher following 


blue light adaptation 


The 10-minute curve also displays undet 
hoth conditions the shoulder at about 0) 
my characteristic of the spectral sensitivity 


of dark-adapted peripheral When 


conecs 


first noted in the fovea, this inflection was 
ascribed to the absorption of light im the 
blue and violet by the ve llow pigment ot 


the macula lutea, xanthophyll (Wald, 1945b, 
1049) 
The appearance of a sin 


ilar. though much 


pectral 


shallower. inflection m the s] sen 


tivity curve of pe riphe ral cones was taken to 
mean that even well outside the macula, the 
retina still contains a little of the same pig 
ment. It is apparent from Figures 6 and 7 
however, that the inflection in the pe ripheral 
curve is caused mainly by the presence of 
the violet receptor 

Blue light, 


moves the 


in adapting this element, re 


inflection completely from the 


In this part of the retina, 
the 


a filter 


one- minute curve 


therefore, the inflection not negative 


re sult of ib orptiion ot light by 


pig 


ment, but the positive result of increased 
sensitivity introduced by the 
In the 


and to the 


violet receptor 


macular region, both factors operate 


shallow inflection caused by the 


violet receptor 18 added the further inflec 
tion due to the macular pigmentation 
THE VIOLET RECEPTOR IN THE 
CENTRAL FOVEA 


it has been reported on a number of 


that the central fovea exhibits a 


condition characterized as “blue blindness” 
(Konig, 1894; Willmer, 1944 Willmer and 
Wright, 1945). To the unwary this term 


ugh 


Violet 


‘ 


inh 


ind olet se 


We 


nquire 


the parti lar 
1 


whethe! Violet I 


central 
In this in 


gree field was emp fixat 


lt 


adaptation Was 


The eye wa idaptes 
dar] 


ind O21 my 


ind 
This part ot 
holds 


Just a 


lree and the thre 


to come alone 


thre shold 


ind this 


lion 


pDiat iu 


two | 


red 


the 


orange ind 


nese il manite 


the violet receptor 


‘blue-blindness” in the central 


not the absence of the violet 1 


evel ensiti 


eceptor 


tance 


orange 


nea ured 
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12 54 
Orange light adaptation 


> 
central field 


What it 
central 
xtures 


and 


pond with 
interest to 
appea4rs 
ea. bigure 

1 0.5 


d centrally 


light, 
136 
rod 


due 


at 


ire 
peripheral 
with the 
it 6211 ; 


the curves 


fol 


low 


tation of 


Whatever the cause ol 


C OLORBLIND 


To explore further the participation of 


various types of cone in human vision, we 


measured dark adaptation under various cit 


cumstances in a number of colorblind sub 
chosen and clas 


devi ed by 


ilso) personal communications ) 


the admirable 
(1943, 
We 


(“red 


ject 
procedures Farnsworth 
1047; 

worked 


blinds”), 


cle ute! 


with = three protanopes 


with five 
that 


in the sense 


intensively; and 


It 3 


one 
well known 
“red 
sensitivity to red light Is 


the 


pro 


lind” 


that their relative 
il 


hand, though sometimes rete rred to as 


far below norm: Deuteranopes, on 


other 
enttally normal spec 


‘oreen-blind,” have es 


tral sensitivities 

The experiment of Figure 3 is shown re 
peated with deuteranope Figure 9 and 
with a protanope im Figure 10 


attet 


deute ranopes 
light 
The 


dis 


result obtained with 


adaptation with orange-to-red 


(dominant wavelength 619 mw) ts 

to that obtained with normal observers 
idaptation measured 621 
features, At 436 mp a 


hold ] observed, 
but this 


lark at 


very 


as in normal 


thre 


| receptor ; 


pears alone, with no ¢ vidence 
of a 


dark 


observer second 


plateau or 


change sensation during 


CONES (N 35 
field following t adaptation in 
tr Ir ree area the £ 
621 aon what may Ix é , 
reverse Purkinie hift 
8 '6 20 
Minutes in daara 
may imp more than it intends 
neans is that in small areas of 
fovea, all colors can be matched by eee 
Hou 2, lor exXample ; that uch small 
central areas behave in color matching ex 
periments as tl dichromatic, and im 
deed are how 
to blue aml light, and 
in a small area of the P| 
shows that it doe 
he retina 1 
measure 
retina, dark adaptation begin | 
| it 436 mu. below those 
The dark adapta 
also exhibits the |_| 
which characteristically 
hight adaptation rapid fall of due 
clearly to the vi ip 
ceptor 
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Fig. 9 (Auerbach and Wald) Dark adaptation in deuteranop following exposure to orange-red 
(Wratten 26) or to blue light (Jena BG 12) After exposure to orange-red light the cone adaptation 
measured at 436 mp, unlike such measurements in the normal eye (fig. 3), : imple im torm, involves no 
changes in color sensation, and seems to be based upon the violet receptor alone. After adaptation to blue 


light, the measurements at 456 mp display two cone plateaus, und a sequence of color reports as though 
dark adaptation begins with the responses of a red receptor, later mixed with increasing proportions ot 
violet so as to bring the threshold sensations over a neutral point (open circles) to ‘blue.” 


adaptation. The color reported ts “blue” 


throughout. The result is as though at 436 
mya one were measuring the dark adapta 
tion of the violet receptor alone 
Following adaptation to blue light (fig. 9, 
right side), the result with the deuteranop 
observer again resembles the normal in its 
gross features; but the cone measurements 
at 436 mp present more striking irregu 
larities than normally, appearing to break 
cleanly into two segments, ea h with its pla 
teau. The color reports also are complex, 
Che first thresholds often are reported as 
“red.” though this is of course a violet light ; 
then for a time the thresholds may be said 
to look colorless ; and thereafter blue, until 
the rods supervene. The course of this func 
tion suggests that one may be dealing with 
the activities of two receptor systems: an 


initial red, which on later mixing with violet 


goes through a neutral point (“colorless”) 


to the eventual responses of the violet re 
ceptor alone | second plateau ), called “blue 0 
by this subject 

Figure 10 shows the results of the same 


type of experiment performed with a 
protanope lollowing adaptation to orange 
to-red light, the dark-adaptation curve 


measured at 621 mp is of the usual shape, 
but is displaced to an abnormal height on 


the intensity scale, an expression of the 
subject's red-blindness (Chapanis, 1946 
17). The cone dark adaptation measured at 
436 my is again simple in form, as im the 
deuteranope, and appears to involve the re 
sponses of the violet receptor alone 
Following blue light adaptation ( hg 10, 


right side), the protanope yle lds simple dark 
adaptation curves both at $36 and 621 my. 
The only evidence of heterogeneity in these 
data is in the color reports at 436 my. At the 


beginning of dark adaptation the threshold 
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Protanope (D.M.) Protanope (D.M.) 
a Red light adaptation x Blue light adaptation oul 
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Minutes in dark 
Fig. 10 (Auerbach and Wald). Dark dlaptation of a protanope ( red-blind”) after exposure to orange 
red (Wratten 26) or blue light (Jena BG 12). As usual in su ibjects, the cone thresholds to red light 
(621 mu) are abnormally high. After orange-red light adaptation, the cone portion ol dark adaptation 
measured at 436 mp is simple in form, and seems to represent the violet receptor alone, The sensation is 
reported as “blue.” After adaptation to blue light. the measurements at this wavelength are still simple in 
form, but the color reports go from “blue” to colorless to “blue.” Phe color reports at 621 mp are very 
irregular: often colorless, sometimes red, sometimes another color, even blue 


sensation is usually reported as “blue”; in other directions, Both classes of color 
later it may be called colorless ; and toward blind yield evidences, in the form of changes 


the end. as the curve enters the cone plateau, of hue and inflections in the course of dark 
it is again reported as “blue.” adaptation of heterogeneity of cone 
Protanopes do not under all circumstances — tion All our observations, though not in 
vield such simple dark adaptation curves a themselves adequate to establish this point, 
shown in Figure 10. With other qualities of © are consistent with the view that each of 
light adaptation, and othe: wavelengths for these observers possesses the violet receptor 
the measurement of threshold, the dark and one other 
adaptation curve may displa) inflections 


- JAKK A VTATION ik FAR PERIPHERY 
evidence of the participation of more than ADAMI oF 


one type of cone loward the beginning of the present im 

All our observations with protanopes and vestigation, we made a considerable explora 
deuteranope s show that these tvpes of color tion of color threshold and light and dark 
blind possess the violet receptor; and that adaptation in very eccentric fie lds. This 
its spectral sensitivity, so far as our meas work was interrupted by the experiments 


urements go, and its rate of dark adaptation = cribed above; yet it provided another 


are entirely normal. The abnormalities of approach to the problem of cone hetero 


such subjects lie—as has been supposed veneity. We shall take this occasion to dis 
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Fig. 11 (Auerbach and Wald). Dark adaptation in the far periphery. This subject was idapted to brigl 


white lighit, and his dark wlaptation mie ured at 436 and 621 “ina one-dewree field centered 90 degree 
temporally from the fixation point. At this eccentricity the field looks colorle under all circumstance 
The dark idaptation curves, however, break into t pical cone and rod segment ind at 436 mu the cone 
segment may have two plateaus. The cone threshold at 621 mp ibnormally high compared with that at 


436 my, as in a protanope 


cuss only on exampi of such an exper seems also to possess two plateaus Phe 
ment peripheral apparatus for some degree of 

Figure 11 shows dark adaptation meas- color discrimination may therefore be pres 
urements at 436 and 621 my, following ex ent; the lack of color sensations may well be 


posure to intense white light. The test field, associated with some central failure to ex 


as also the adapting light, were fixated 90 ploit the peripheral situation a central 


degrees temporally. At this eccentricity colorblindness 
and in general beyond 70 to 80 degrees \part from the lack of color sensations, 
lights of all wavelengths appear colorless, measurements with four normal subjects 
even at high brightnesses, In this sense the show this region of the retina to be abnor 
normal observer is totally colorblind in this mally insensitive to red light. In more cen 
part of the retina tral areas—-within about 70 degrees of the 
The measurements of Figure 11 show fovea —following white light adaptation the 
however that both rods and cones are fun cone thresholds at 436 my lie much higher 
tional. The dark adaptation curves are di- than at 621 mp, as shown for example in 


vided into typical cone and rod segments; Figure 4. Here this relation is reversed, as 


and the cone segment measured at 436 mp in a protanope, and indeed a protanope 
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whose red blindness has been accentuated  sations. The maximum sensitivity of this 
by adaptation to orange-red light, as im 7 et receptor 


is near 436 my 
ligure 10 


Blue light adaptation markedly depresses 

the response of this unit. Red and blue 
SUMMARY 

light adaptations also produce differential 


Following adaptation to very bright white effects, though less striking, upon the re 
or colored lights, the dark adaptation of the sponses at longer wavelengths 
cones displays inflections and changes in Phe violet receptor is present mn the cen 
color sensation that ( to have the tral tovea, m spite ot its so-called “blue 
source in the presence in the retina of — blindness " It is present also in protanopes 
several different classes of cone. Striking and = deuteranopes, together perhaps with 
change n color sensation are expe rienced only one other type of cone 
also during and immediately after adapta Measurements in the far peripheral retina 
tion to very intense red or blue lights HK) degrees from the fovea-——show cone 


\fter expo ure ol the eve to imntense function to he pre ent, and reveal a cond 


orange-to read heht. the first 1 


the fi ew minutes of tion resembling protanoptia though no color 
dark adaptation easured at short wave sensations are experienced 

length are occupied with receptor 

maximal] enrisitive vht and Biological Lal wratories, 

whose excitation maduce olet or blue sen Harvard University 
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As I understood these charts, the stimulation of 
farther away 


cones was done in the fovea or not 
than eight degrees from the macula. 

The first question is whether similar results 
could be obtained in the far periphery; second, 


whether in the farthest periphery cone stimulation 
will give similar results 

We know that 
that area of the 
is there color blind 

De. Encar Aversacn (closing): As to Dr 
Walls’ question I do not know. Tl 


and we did not 


there are cones histologically m 


retina, but apparently the retina 


is purely an 


experimental study, coneern our 


selves with any theoretic discussion. I am not at all 
sure that 


length 


this red component in the short wave 


range is present but up till now I cannot 


prove this point 


We think we have demonstrated a receptor 
which we call the “violet” receptor, because the 
individual color reports of color-normal subjects 
were always “violet,” and in addition it is in the 


violet range of the spectrum 
I might add that 
lamp as test light, we 


wavelengths of the 


mercury-are 
tral 


when we used a 
depended on the spe 
mercury. We could not examine 
only the 


light im 


wanted, but wave 


this 


every wavelength we 
lengths that 
the mercury 

The peak of the 
little to the right or 


gave us monochromatic 
Spec trum 
violet found a 


left of 436 mm 


receptor may he 


when more 


SETUP FOR THE 


SEGMENT OF THE 


Stone, JR., 


Boston 
This paper presents a setup which is 
utilized in this laboratory at the Massachu 


setts Eye and Ear Infirmary for the rapid 


photography of the anterior segment of 


rabbit eyes. Its value ts that it is unobtru 
sive, permanently set up, and can be moved 
The rabbit's 


rotated 


into working position quickly 
head is held immobile and can be 
to any angle 
Its component parts are readily available 
or easily constructed; and it can be placed 
at the corner of most laboratory benches 
It is possible for one person to place an 


animal in position and take a picture of its 


From the Massachusetts Eye and Ear Infir 
mary. This work was supported by the Office ot 
Naval (Contract Nonr 1173-01) and the 


Boston Host I rons lub 


Research 
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detailed measurements have been con pleted 


Concerning Dr. Blodi’s question, our experi 


ments were made at six or seven degrees trom 
the fovea, to obtain the response of both rods 
and cone Some time ago we made a series ot 
experiments in which we exan ned the whole 
periphery to 9% degrees from fovea, but we inter 
rupted this work because of our interest im the 
pre ent experiments 

Bevond 70 degrees from the fovea we always ob 


served a higher threshold to the red than to the 


blue. This is from approximately 70 to 90 degrees 
From the fovea to 70 degrees the blue has a higher 
threshold, Thi was eT interesting, and was very 
regular. This phenomenon we could always re 


produc 


Now, in doing this present experiment with the 
protanope we remembered th ld experiment ot 
ours, because this appearance of a higher threshold 
to the red im the periphery ot color-normal person 
is Approx ately the ime as in protanope 


Blodi concerned 
f the periphery 
the 


subjectively 


The next question isked by Dr 
the color reports. It is at this 


that 


part ‘ 
there is no color report. This means tl 
from tl pomt ot 
jetely color-blind; but as 


come und a rod 


view, 
you see in these 
there 8 a portion Thi 


means there are cones still active, and even the 


louble plateau 436 mp was till present. This means 


liifferent cone re were active 


that event eptor 


THE ANTERIOR 


RABBIT EYE* 
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eve within two to three minutes. Previously, 
the same procedure in this laboratory in 
volved several persons maintaining the ani 
mal in the correct position and taking the 
Phe procedure usually took 20 to 30 


Wi take 


photographs with nearly the same facility as 


pi ture 


minutes now postoperative serial 
Human photography can bx 


he 


slitlamp microscopy 


making notes 


done in the same area adjustable box 


is also suitable for 


DESCRIPTION OF COMPONENT PARTS 


Figure 1 shows the setup in working pos! 
tion. The handle (A) makes it possible to 
the 
through 180 degrees and around a vertical 
twist of the 


rotate box around a horizontal axis 


axis through 360 degrees. A 


FOR 


Fig. 1 (Stone nd Re 1 
Setup tor phot 
eye n working \ 
H andle il wive hea 
und lowering box. (B) G 
por lor ¢ nd 
Swinging arm and brace (I) 
Rabbit box on platior (EF) SI 
img camera mount 


handle hox in the desired position 


This 


commercially available (A*) 


locks the 
1 


column with rack and swivel head 1s 
\ pinion and 
support guide tor the column raises 
and lowers the box 

The pinion and support guide is specially 
lend to the 


a diagram ot construction 


stability 


this 


constructed to 


Figure 2 is 


tup 


Central Parl 


121 Nort 


* (A) Quick Set |r 


Ave SKOK le 
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nthe next page) 


Figure 1-C is a swinging arm. Heavy braced ° 


steel is utilized to mininuze the movements 
occasioned by the rabbit's respirations (fig 
2 and fig. 3). Figure 1-D and Figure 3 
show the platform supporting the rabbit 


box. 
usual laboratory 
modified head rest 
shaped bar 1 


The rabbit box is of the 
with a slightly 


An | 


the rabbit's mouth, and supported in a slot 


variety 


(fig. 4) 


~ 


placed through 


Reynolds) 
etup without 


(Stone and 
Rablbat photograpl 
Int box Lox 
gainst 


Fig. 3 


platiorm 3 ro 


wall 


SETUP 
4 = : 
(Figure 2 is shown 
North 
A 
4 a : 
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pur haved fram Quack Sat 
Spot Mervens 


+ Se? 


FLOOR PLATE 


Fig. 2 (Stone and Reynolds). Diagram of construction of support-guide with pinion 
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UPPER BEARING 


SETUP FOR 


end he rabbit's he wi is then 


at ¢ ithes 


locked In po ition by means of a piece ol 


webbing and secured with a metal « lasp in a 


slot 


11 


Che camera is ‘mounted on a commercially 


available sliding slitlamp mount (E*) (fig 
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by ; (Stone and Reynolds) 
Rabbit photographi etup when 
not m wuse tox rotated agamst 
wall. Camera moved into slot in 


verhanging shelf. Human head 


rest hung on wall 


not im use he 


Figure 5 shows the setup when it ts 


rabbit box and support 


are rotate d against the wall and the camera ts 
moved into a slot in the overhanging shelf 


The human headrest can be seen hanging on 


the wall and is placed im a fitting at the edge 


of the bench when 1n use 
242 Charles Street (14) 


7 ’ 
Fig. 4 (Stone and Reynolds). Animal box, show a : 
ing modified headrest. L-shaped brace passes — 
through animal's mout nd fits into slot at either ’ 
end Webbing round rabbits ead and /; 
metal clasy fit into slot ! ipper edge of box a, | 
omni 
4 
4 
P 
> 
*(E) Bausch and I Company pe 
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ALCOHOL ON BINOCULAR 


|’ 


VISION* 


HARTMAN, AND D. D. Leonarp 


Cleveland, Oh 


It is well known that alcohol produces 
This has been attributed by 
Powell’ to (1) 
Changes in phoria and (2) loss of the power 
to 
lieved that there 


double vision 


Colson' and two factors 


However, it is generally be 
at least 


converge 
tour separate 


the 


are 


mechanisms concerned with angular 
position of the eyes, any one of which, if 
to 


voluntary con 


contribute 


disturbed, could diplopia 
These 
vergence, (3) reflex (accommodative) con 


(4) the reflex. All 


are closely integrated to 


are: (1) VPhoria, | 


vergence, and fusion 


four mechanisms 
achieve single vision. The fusion reflex in 
particular tends to adjust the position of 
both eyes in such manner as to project the 
the “Panum 


This is subjectively 


on corresponding 


images 
areas pers ceived as 
single vision 

Previous experiments on the influence of 
alcohol on binocular vision were made with 
the 


tests.’ 
the 
fusion reflex.* There 


prism vergence In such tests, 


cannot separate convergence 
mechanism from the 
fore, it is not known whether the binocular 
fusion reflex is impaired by alcohol inde 
pendently of phoria or convergence changes. 

The purpose of the present investigation 
to the effect of alcohol on the 


binocular fusion and to attempt 


study 
ot 
a separation of the four components whi h 


was 


pow eT 


contribute to diplopia. In addition, it was in 
the 
as to the 


to solve disagreement existing 


literature 


tended 
in the direction of the 
change in phoria 

Colson’ and Powell? measuring phoria at 
meters, found a 


an object distance of six 


progressive development ot esophoria with 


*From the Department of Physiology Western 
hool of Mechcine 
fulfillment the 


art ot 


Reserve University 


this work was done in research 


curricuiut at 


Medicine 


teaching 
Reserv 


project program of the 


Western 


University School ot 


4) 


amounts of alcohol Powell, also 

of 33 ecm., 
No satisfactory ¢ 
different 


increasing 


using an object distance found 


progressive ex phoria 


planation of these trends of 


phoria ck velopment was offered 
Charnwood® reported little or no change 


in vertical phoria. Furthermore, previous 


have merely related in a rather 
the 


havior to the amount of ingested alcohol. In 


workers 


qualitative manner subject's visual 


this study, blood alcohol and urine alcohol 


were quantitatively de 


concentrations 


termined 


Metnop 


The subjects for these expernments were 


The experiments began at 


male medical students between and 


14 
28 years ol age 
7-00 pom. after a light evening meal Visual 


and fusion 


phoria, 
the 


The subjects were 


acuity, convergence, 


power were determined in manner to 


be described then given 
40 mi. of 


mixed with 99 ml. of either water or ginget 


an &7-proof blended whiskey, 
ale, and this was repeated every half an 
hour 

At hourly intervals after the start of the 
first drink, the subject repeated the vision 
tests. At the end of each of these tests, two 
ml. of blood was removed from the ant 
cubital vein and a urine sample was ob 
blood and urime 


hourly 


manner, 
samples taken at intervals, 
whereas the drinks were given half 


hour intervals. This routime was continued 


tained, In this 


were 


at om 


until the subject vomited or was incapable 


of in the conduct of the 


experiment 
Visual 


Snellen chart 


co-opt rating 


acuity was determined with a 


at 


was 


a distanée of six meters 


Convergence determined by having 


the rod 


subiect bring an upright metal 


progressively closer to his eyes until diplopra 


EEEFECT OF 


then measured 


with the 


resulted distance Was 


along interpupillary distance and 


the angle of convergence was calculated 
Heterophoria was determined at a distance 
of six meters with a Maddox rod 

The method used for the determination 


of fusion power has already been described.’ 


The following modifications were imtro 
duced for the alcohol « <periments 
In a well-illuminated room (50 foot 


candles) the observer looked at a_ black 


screen in the center of which was a small 


light source. Three such screens were used, 
at a distance of six meters, 82 cm., and 33 


cm. White lines divided the 


that the vi 


screens imnto 


squares such ual angle between 


lines was the ime for all screens (approx! 
mately ) 5 degree 5) 
The right eye was occluded with a photo 


(Wollensack Alphax No 


exposure time of 20) millises 


graphic shutter 
2). With an 


ond the shutter wa relea ed by an elec 


tronic timing device at a frequency of three 


per second. In this manner, tusion was 


tested by the interrupted presentation ol the 
mulus to the 
flashe 


the same stimulus acted on the left eye with 


normal binocular fusion sti 


rivht eye ma seri of brief while 


out interruption trmulus-evoking 


fusion was provided by the indentical 
practi 


Ual held 


thu 
contours of the ily unimpaired nor 
mal binocular 

The subjects were first placed in front 
rivht eve 


shutter 


of the six-meter screen and the 
occluded for 20 
Upon one single 


duration the 


econds with the 
shutter rele int ot om 
ubject was 


fiftieth second 


asked 


double 
‘| his 
was used as a measure of vertical and hori 


Maddox 


to report the po ition of the 


of the light source on the screen 


zontal phorias, in addition to the 
measurements 


Ihe subject was then tested in the same 


manner with a frequency of three exposures 


per second Che time necessary for the at 


tainment of complete fusion was recorded 


by the subtect with electric 


low 


such readings were taken and averaged 


live 
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\ significant change in this fusion time in 


subsequent tests, with the same frequency 


of stumulus pre entation, Was taken as a 


measure of the change m fusion power 


This same procedure, including the phoria 
determination, was then repeated im front 
ind the 33-cm, screen 
distances had 


the 82-cm 


of the 82-cm. screen 


The six-meter and 33-cm 


been used by previous workers ; 
added in 


a distance at which there 


distance was this experiment in 
an attempt to locate 
no change in phoria 


and the 


was little or 


he oxalat d blood sample urine 


samples were refrigerated, and subsequently 
analyzed for aleohol concentration by the 


method of Sunshine and Nenad. 


Phe experimental data of 14 subjects are 
yraphically presented in seven figures.* The 


first three figures show the effect of alcohol 


on binocular fusion time and the change im 


phoria. Since fusion time known to be re 


lated to the heterophoria, the 


le vree oft 


subjects were grouped accordimyg to the 


initial type of phoria they displayed without 
aleohol 


distance 


observation 


plotted 


mgestion at six mete 
Reciprocal fusion time 
as ordinate against blood alcohol content as 
abse1 a 
The value which were to be represented 
were grouped according to 
time of then 


al ohol 


on the ordinate 


the blood alcohol level at the 
These 


measurement arbitrary 


group include those values in 0, O0.O1-0.05 
percent, 0.06-0.10) percent, O.11-0.15 per 
cent, and 0.16-0.20 percent ranges. The 


values in each of these groups were 


ordinate 


iveraged a were the corre ponding alcohol 


concentration Fusion times was plotted 


as reciprocals in order to represent fu ional 


and not infinity 


failure as zero 
Figure | illustrates the influence of alco 
* The ubjyect lata ere 
ed for space conservat he 
n request the trnent Pi ( 
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hol on the fusion time of five subjects, who 


initially exophoric at six meters ob 


distance. The 4 


were 
servation wram on the 
right side of the 
of the 


distances 


figure show the 
three 


position 
observation 
‘The 


at each observation distance 


visual lines at 


before alcohol nyvestion 
arrows indicate 
the direction of the phoria changes with in 
creasing intoxication 

It is that 


‘ xophoria 


alcohol diminished the 
until the 


finally 


rote d 


at six meters subject 


became orthophort and even 


esophori At &2 cm 


until the subjects became nearly orthophori 


‘ xophoria ce cream d 


whereas at 33 cm. the degree of esophoria 
became larger 

On the left side ot 1, the 
plotted agaimst the 


With this 


an upward trend of values sigm 


| ivure recipro 


cal of fusion time ts 


blood 


plotting, 


alcohol content type ot 


fies a shortening of fusion time and a down 


trend a lengthening. A zero value 


that 


ward 


means binocular fusion could not be 


accomplishe 
It is 


noted that at six meters distance, 


a consumption of a small amount of 


alcohol, fusion power did not change sig 


nificantly. This is apparently due to the tact 
ssened and the eye ap 


There 


that the exophoria | 


ywoached an orthophori 


~ « SECONDS 


enw 


is 


BLOOD AL COMOL CONTENT 


HARTMAN 


LEONARD 


AND DD 


Tusion 


be came 
ak ohol 


the steep dech of the 


alter, tire progressively 


longer with imcreasing dosages as 
demonstrated by 
solid curve 

At 82 cm 


ame consist ntly longe 


observation distance, the fusion 
with higher 
With 
fusion 


failed 


contents 


time be 
blood 


near vision (33 en 


alcohol le vels (broken linve 
dotted curve), 
and all subjects 


blood al ohol 


time became longer 


to fuse entirely at 
above 0.1 percent 


The 


group of 


behavior of the initially orthophori 


observers is illustrated in Figure 
2. The type of plotting and the symbols used 
are the in Figure 1 

\t six 
converged 


levels. At 82 cm., there 


Satie as 
visual AXCS 


alcohol 


meters distances the 


increasingly with rising 
~ 


was a very 
le velopment ot esophoria ; whereas, 


em, distance xophor la le ve loped 


In the left part of Figure 2, it 1s seen that 


fusional power decreased at all distances 


Since the orthophori group ented 


repre 
by only thre subjects, the individual varia 
a large effect on the smoothness 


last value on the 33-cm. curve 


tions have 
of the 
case of the 


curve is especially true in the 


since only one subject in this group reached 


an alcohol level above O15 percent It can 


be assumed that thi part of the curve would 


- 
light 
ee at 33 
te 
6 
12 
I 1 (Brecher, Hartmar ind 
10 Leonard). Exophortc group, effect 
068 (Lett rae the reciproca 
of the binocular om time it 
B« 
‘ nd wil re hland il 
o6 aan \ cohol content Cpercent) Solid line 
/ ix meter view! tance 
broken line, &2 otted line, 33 
/ \ (Right) Change onzont 
blood alcohol content (horizontal 


ubjects had yxieation. The fusion time became pro 


ively longer at all distances, with alco 


the omgestion 


ubject | three yroup ol subjects it was 


to that 


retammed 
it a already lost at distant (six 


that binocular fusion could still be 


bservation distance, 


converged — while 
ill more ters) and neat (33 em ) Viston 

bigure } depict the average reciprocal 

ount: whereas, fusion times of all 14) subjects plotted 


against the blood alcohol content. It ts noted 


esophoria im 


creased, went 
and turned that the fusion times became 
increasing alcohol intoxication 


through la progressively 


mito iter alcohol im longer 


Hart: iN, und 
jroup, effect 
n time and 


os 
BLOOD ALCOHOL 


PEECT ALCOHOL ON VISION 1) 
6m 
big (Breche ! 
Leot ra (/rti if é 
fect fa n fusion tw and 
phoria 
\ 
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eter ew ‘ a i \ 
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rokey ne, &2 cotte / \ 
\ 
\ 
ho ntet ( . ; 
. 
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6 CONTENT 
have been lowered if the other lll 
been able to reach this level Ey 
Figure 3 represents the data of CE: 
initially esophoric group 
The type of plotting corresponds 
used in Figure | 
\t six meter the nor 
ix¢ ol these subject con 
with alcohol, At 82 cm. tl 
creased by a very mail an 
( 
| Leonard), Esophor 
z f alcohol n 
a | \ pl rid 
a (Left) Changes m the recipr il 
the bu ilar fusion time u 
Se, | gir 
. . ‘ \ nds with mere blood aleohol 
6] x tent (percent) x 
meter View ity i 2: roket 
\ / ne, cm lotted line, 33 em 
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BLOOD ALCOMOL CONTENT 


RECIPROCAL FUSION TIME SECONDS 


05 ale) 15 20% 


Fig. 4 (Brecher, Hartman, and Leonard). Effect 
of alcohol on binocular fusion 

Average ot re ults for three 
distances, Changes im the re ipro« al of the binocular 


groups and three 


fusion time in seconds with increasing blood alcohol 


content (percent). 

Figure 5 illustrates the effect of alcohol 
on voluntary convergence. The angle of 
voluntary convergence in degrees 1s plotted 
on the ordinate and the blood alcohol content 
The data 


average of all 14 subjects 


represent the 
It is noted that 
with mild alcohol ingestion up to 0.03 per 


on the abscissa 


cent, there was no impairment of the power 
to converge voluntarily, whereas this power 
was progressivly impaired at higher alcohol 
levels. 

Figure 6 shows the effect of alcohol on 
ditterent 


ordinate, the degree of 


vertical phoria at observation 
On the 


change in hyperphoria is plotted in prism 


distances. 


diopters (hyperphoria for the right eye 


above the horizontal line, for the left eye 
below the horizontal line) 


According to the three observation 


distances, there are three separate graphs 


in Figure 6, for the sereen distance of six 


meters (top), 82 cm. (middle), and 33 em 


HARTMAN AND DD 


LEONARD 


50° 


INVERGENCE 


ANGLE OF VOLUNTARY 


BLO00 ALCOHOL CONTENT 

Fiv. 5 (Brecher, Hartman, and Leonard) 

Changes in the angle of voluntar onvergenece 

(degrees) with imecreasing blood alcohol content 


(percent). 


(bottom). Blood alcohol content 1s plotted 
on the abscissa. The closeness of the points 
to the horizontal of zero prism diopte rs for 
all three that 
vertical phoria was not significantly changed 
This 


observation of Charnwood 


screen distances illustrates 


by alcohol intoxication confirms the 


USSION 
The 
tribute to the 


results of these experiments con 


solution of the question, 


whether the binocular fusion reflex as such 
is impaired with alcohol intoxication, thus 


fusion 


causing alcohol diplopia strength of 
this 
determined by measuring the time necessary 
to elicit it 
stimuli were presented in the form of briet 
flashes, at a frequency of three per second 


The called 


was taken as index of the binocular 


reflex (binocular power) was 


when normal binocular fusion 


time measured, “fusion time,” 
fusion 
power.” 


It was found that regardless of directional 


ALCOHOT! 


ON VISION 0 


SCREEN DISTANCE 6 METERS 


SCREEN DISTANCE 82 CM. 


SCREEN DISTANCE 33 CM. 


5 


-O5 .10 


BLOOD ALCOHOL CONTENT 


EFFECT 
| 
5 
10 
- 
a 
10 
I 6 (Brecher, Hart 
Leonard ) ( ! rt = 
onard 
phoria with increasing blood (ed 
col ontent (percent Si | ‘ a 
trend line at ix meters 4 
distance: broken line, 82 a lot < 5 
ted line lash line 
et perphoria Ir 
a 
a !Or 
> 
* 10 
and quantitative changes in phoria, the 


average fusion time became progressively 


longer with increasing blood alcohol levels 


From these findings, it must be concluded 


that alcohol impairs directly the functioning 


of the binocular fusion reflex 


The powe! of voluntary conve ryence was 


also impaired with alcohol intoxication 


However, this cannot be the cause of the 


failure to fuse, since the reflex of binoculat 
fusion is tested under experimental condi 
tions in which voluntary efforts were found 
to have very little effect 


controversial 


] 


experiments elucidate, futhermore, 


the findings of Colson’ and 


Powell’ as to the hete rophoria changes with 


alcohol Was accomplished by measul 


ing phorias at far, near, and intermediate 
distances and by following the changes to 
higher degrees of intoxication than previ 
ously studied It was found that regard 


le ss of the initial type oT phoria (eso or exo) 


the visual axes converged with alco 


always 


six meters observation distance, di 
33 ci 
With high alcohol concentrations, 


all subjects approached orthophoria or a 


hol at 
verged at but changed only slightly 


at 82 cm 
small degree of « ophoria at 82 cm 

Unfortunately, the 
of 82 cm had to bn 


ments without previous knowledge of the 


intermediate distance 
chosen im these exper 
at which phoria remains 
that a 
&2 


optimal distance, 
Phe 


slightly less 


unaltered results show screen 


distance than em. would 
have been better in order to find the point at 
which there was no phoria change at all with 
aleohol, An attempt to determine graph ally 
this particular distance is shown in Figure 7 


The change in horizontal phorias was ex 


pressed as the ratio diopter percent blood 
alcohol content, for each of the three obser 
vation distance The values for the group 
which was initially exophoric at six metet 
is symbolized by an “X the orthophori 


group by a point, the esophoric group by an 


upright cross, and the average of all group 


HARTMAN AND DD 


LEONARD 


Fig. 7 (Brecher, Har and 
lp re wood 

ontenit 
pe ent le ) 
function of the the 

it A li ere (X) 
exophor groul (.) ophor 
group (+) esophor 
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RECIPROCA 


by an open circle The change of hetero 
phoria is plotted as ordinate im prism diop 


blood 


against the reciprocal of the screen distance, 


ters per percent of alcohol content 


in meters, as abscissa 
The upper left values illustrate that at six 
distance, marked esophoria 


meters screen 


developed, at 82 cm. a very small amount 
of esophoria and at 33 em distance marked 
exophoria. Connecting the average values 
with a straight line one notes that this line 
intersects the zero line of “no phoria 
change” at about 56 to 60 em 

From these findings, it may be concluded 
that the resting position of the eyes at which 
alcohol does not cause phoria to change ts at 
a distance of about 60 em. The fact that the 


eves assure this “position aot rest” could 
be explained by the decrease ot removal of 
through the 


neuromuscular co-ordimation 


action of alcohol 

Placing the “position of rest” of the eyes 
at a viewing distance of about 60 cm implies 
that the relative divergence and diminished 
at greater dis 
tances are Duke-klder"” 


has summarized the evidence and arguments 


accommodation for fixation 


active processes 


i distance (90-00 ) at 
horizontal phoria woul ot 
Pa nge with mere blood al 
hol content 


or SCREEN DISTANCE @ METERS 


for a divergence center, and recognizes 
negative as well as positive relative accom 
modation 

In the near reflex, according to Adler,” 


“the contraction of the pupil begins only at 


the moment that the fixed object at a 


distance of 0.5M., and not at the moment 
that accommodation begins os 

Che finding of a “position of rest” of the 
eye axes under alcohol influence agrees with 
the conjecture of Luckiesh and Moss‘ “that 
the state of repose would be coincident with 
some compromise position between the ex 
tremes of distant and near vision.” 

Chat the accommodative mechanism’* may 
be linked 
both eyes 


“lead of 


this “position of rest” of 
also be deduced 


accommodation’ of O75D at six 


with 


could from the 


meters’ and the well-known phenomenon 


ot “eky 1 yopia”’ in the order of one to om 
and a half diopt rs 


For a mean interpupillary distance ot 


6.62 em.. convergence at 56 cm. corresponds 


to a mean angle of the visual axis with the 


sagittal plane of 3.4 degrees. | nfortunately, 


no measurements of the angle (alpha, 


gamma, kappa, lambda) between the optical 


PRECT OF 


sub 


and UAl AXNCS 


jects: the usual value tor emmetropt sub 


‘ects is about five degrees. Thus, in_ the 


“pe sition of rest ” the optic axe ire more 
nearly parallel than the ual axes 

\s reported by both Colson' and Powell 
there is a decrease in convergence ability 
with increasing concentrations of alcohol 
decreases the convergence angles 


found here are considerably greater than 


those rep rted by Colson Ih probably 


that greater quantities ol 


due to the tact 


aleohol were consumed by th ubjects im 


these ment 

bigure hows 
is an almost linear relationship 
ilcohol concentration and the 


could be 


blood 


convergence. If this line extrapo 


ence vould then 


lated the ingle 


he zero ata blood level ot ibout 0.26 pel 


cent. From this it might he a med that at 
this alcohol level there would be complete 
failure of voluntary convergence \ similar 
extrapolation on Figure indicates that 


fusion power would be lost at the same blood 
alcohol concentration. This concentration 1 
roughly that at which all voluntary muscular 
control 1s lo 


It is interesting to note that legal mtox1 


cation venerally accepted as a 0.15-per 
cent alcohol concentration. In the 0.05-0.15 
percent range an ind lual considered 
“under the influence From these expert 
ments it can be een that at the level ot 


and con 
\t the 


mecha 


defin te 
very marked ipaired 
hand ipped but 


reent, all 


ee erpu 


where between O05 and O15 pe 


subrect howed detinite 1 ent Most 
of the subjects showed no significant change 


in visual acuity over the entire range 0! 


hlood alcohol concentration. In three cases 


there was a me isurable decrease m 


alee hol le vels 


hig he 


acuity at the 


ALCOHOI 


ON VISION 1 


SUM MARY 


Phe question was studied whether alcohol 


attributed to change in 


diplopia cant bn 


phoria and loss of convergence power as 
previously postulated or to an impairment 
This 
tested in 14 subjects with a new method in 
which the 


could be determined by measuring the time 


of the binocular fusion retlex was 


strength of binocular tusion 


necessary to accomplish binocular fusion 


It was found that diplopia 1s caused by the 
impairment of the binocular 


ssi\ 
] l 


fusion reflex with rising levels ot blood 
alcohol content This impairment of the 
fusion reflex occurs regardless of changes m 


phoria and of the we ikening of voluntary 


convergence. The decrease in bimocular tu 


ion power | due to an impairment of the 


veneral neuromuscular co-ordination — by 
ileohol which at the ame time affects the 
position ot the visual axe ind dimintshes 


the power of voluntary convergence 


Phoria and fusion power were measured 


and 33-cm. observation 


With rising ileohol le vel 


esophoria developed progre sively 


at OO0-cm &2-cn 
. mark ed 
at OOO 


distance 


em., only little « ophorta at cm., but 


marked cxophoria it 33 em This indicates 


wa “po ition oft 


than 82 cm 


that the visual axe 


rest it a distance hehtly les 


(about 60 em.) under strong alcohol intoxt 


cation 


Phis evidence supports the hypothesis that 


binocular vergence is normally controlled 


by two different mechanisms, a convergence 


ergence mechanism, sinee 


‘ parale div 


the removal ot these mechanisms by alcohol 


cause the eyes to assume an intermediate 
or neutral position 
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ELECTRORETINOGRAVPHY* 


ANIMALS UNDER THI 


ITS OXIDATION PRODUCTS 


A.B., anp A. M. Ports, M.D 


Cleveland, Olio 


Several investigators have attempted to 
elucidate the site of generation of the electro 
retinogram by studying the effects of drugs 
on the electrore tinogram and optic-nerve dis 
charge. Extensive studies of this sort have 
been carried out on amphibia and reptiles by 
Granit' and Therman® and on mammals by 
Noel." We, on the other hand, have been pri 
the effect 
various toxic substances on the visual system 
the 
retinogram and optic-nerve discharge 
this 


marily interested im assaying of 


electro 
As a 


investigation, informa 


as manifested by changes m 


direct result of 
tion was also obtained which is of value in 
considering the problen: of the site of origin 
of the various electroretinogram potentials 

his latter approach is of particular value 


when the retinal toxicity of a substance is due 


*From the Laboratory in Research in Ophthal 
mology and Department of Physiology Western Re 
ind the Ophthalmologic 
Hospitals of 
Cleveland. Supported by a grant from the National 
Institute of and Blindness 
U. S. Public 


serve University, Service, 


Department of Surgery, University 


Neurological Diseases 


Health Service 


to its conversion mto a toxt product by 


metabolic processes In such a case, the sus 


pected intermediates can be tried and the 


most likely agent can be picked out on the 
basis of the relative concentrations necessary 
for an effect 

The problem of human m« thanol poisoning 


work 


reported from this laboratory’ efforts were 


falls into this category. In previous 
made to identify the proximal toxic agent in 
The chief 


were methanol and its oxidation products, 


candidates 


methanol potsoning. 


formaldehyde and formate Experiments in 


vitro on the metabolic activity of the surviv 


ing retina showed that for every enzyme 


activity tested, the inhibitory potency was 
formaldehyde > formate > methanol. These 
experiments showed that anerobic glycoly 
the 


work 


SIs by far most sensitive enzyme 


Was 


system and later localized the inhibi 
tion in the hexokinase portion of glycolysis 


Noel 


ame robic glycol $15, 


has shown that other poisons of 
such as azide and iodo 


acetic ac id, also cause retinal effects whi h, in 
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ience, 1949, p. 851 
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METHANOI 


marked 
electroretino 
These ettects 


his experiments, are signaled by 
changes in the pattern of the 
gram and optic-nerve discharge 
occur in concentrations considerably below 
dose. The 


iodoacetic acid has been attributed to spec fic 


the whole animal tox action of 


inhibition of retinal anerobic glycolysis. It 


has been further claimed that anoxia aftects 


other components of the electroretinogram 


than iodoacetic acid. On this basis the electro 
retinogram components of the cat and rabbit 
resistant 


are classified into two groups those 


to anoxia and those resistant to iodoacet 


At id 


are most resistant to iodoacetu 


rabbit a-wave 
and least 
rabbit 


cat b-wave* and the 


resistant to anoxia, while the b-wave 


and the cat a-wave are most resistant to 


anoxia and least resistant to iodoacetic acid 
Azide, on the other hand, affects the rabbit 
and cat electroretinogram in the same way as 


iodoacetic affects the rabbit electroretino 


gram There 1s as yet no satistactory eX 


planation for this discrepancy 


Since formaldehyde, in the concentrations 
used below, 18 a inhibitor of retinal 
anerobt glycoly Is it ha een ed profitable 


for the authors to con pare it action to that 


of azicle and podoacetiu a well as to 


compare the relative effects of methanol 


formate, and formaldehyde on the electro 


retinogram 


AND MATERIA! 


MetHops 


Che experimental animals were adult rab 


bits and cats. The animal anethesized 


were 


with nembutal, intubated for artificial re 


and then completely immobilized 


had 
in the 


spiration 


by curarization. Control experiments 


previously established that nembutal 
had effect on the 


electroretinogram and optic-nerve discharge 


doses used negligible 


*It is assumed that the reader familiar with 
the conventions regarding the naming of the waves 
of the electroretinogram and opt erve discharge 
For information on the nami ind derivation of 
the electroretinogram wave ee Bound'’s review.’ 
The naming of the wave t the of nerve dis 
charge follows the nomenclature of Bartley and 
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f the eve was 


Access to the posterior pole ‘ 
obtained by removal of the zygoma and por 
tions of the frontal and temporal bones, The 
electroretinogram was then recorded by 
means of Ag-AgCl-wick electrodes, one on 
sclera near the 


the cornea, the other on the 


pol Ihe nerve response, 


posterior 
where recorded, was picked up by means ot 
either a steel or tungsten microelectrode, m 


sulated except for the tip and inserted by 


visual control into the optic nerve a few 
millimeters anterior to the chiasm. Access to 
the intracranial optic nerve was gained by 


removal of the skull over the frontal and tem 
poral regions and removal of the anterior 
Inter 
ference with the blood supply to the opt 


third of the homolateral hemisphere 


nerve was carefully avoided, Bleeding was 


controlled by cautery and topical thrombin 
\ properly prepared experimental animal 
showed no signs of deterioration five hour 
after surgical procedures were completed 
The apparatus is deseribed im detail in the 
appendix 

tungsten light of 


The stimulus was white 


one foot candle intensity. The duration of the 


stimulus was usually 200 milliseconds, lour 


illowed un 


minutes of dark adaptation were 
less the interval between flashe was, Oo 
necessity, too short 


Methanol and ethanol were given by stom 


ach tube m the concentration of 25 gm per 
liter of water. Formate and formaldehyde 


were administered intravenously —ftormate 


as the sodium salt, neutralized to pH 7.4 in 
my. /ee 


concentrations of and formalde 


hvde in concentrations of 30 my./c 
\ THe EFFECT OF METHANOL AND ETHANOI 
ON THE ELECTRORETINOGRAM 


Figure 1 (above) shows the dose of metha 
nol required to affect the electroretinogram im 
lwo hours after the enteric adminis 


a do the 


the cat 


tration of such b-wave is elim 


nated and a negative electroretinogram ob 


tains. Unoperated animals receiving this 


quantity of methanol hecome comatose in a 


J. PRAGLIN, R. SPURNEY AND A. M. POTTS 


METHANOL 2HRS AFTER 
METHANOL 


Fig. 1 (Praglin, Spurney an 
Potts). (Above The effect o 


wt of methanol on the 


etinogran ( Below ) 


EC 
ETHANOL 2HRS AF TER eflect of gm./kg. of methanol or 
CONTR FEF THANOL the cat electroretinogram 


| SEC 


few minutes and never regain consciousness B. Tite PPECT OF FORMATE ON THE ELECTRO 
Equimolar doses of ethanol (fig. 1-below ) RETINOGRAM 

produce identical electroretinogram effects Phe dose of sodium formate required to 
and are similarly fatal. Exactly the same re- affect the electroretinogram in the cat is 1.0 


sults were obtained with rabbits gm./kg. The results of such an experiment 


2 MIN AFTER 
CONT ROL 


Fig. 2 (Praglin, Spurney and 
Potts). The effect of 1 em kg. of 
4 A AIA 


formate on the electroretinogram of 
the cat 


4 
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=~ jf i$ 
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Nee STIM 
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4 


METHANOI 


the b 


etinogram 


shown in Figure 2. As betore, 


Wave 1S ¢ liminated and the electror 
consists of only a negative-type electroretino 


this eftect 


gram. Recovery from occurs 


within two minutes. It should be noted that 


the b-wave re-emerges just previous in time 
to the marked negative deflection caused by 
formate administration. The dose of formate 
required for this effect, although large, was 
the lethal 


to produce an 


below concentration. It was not 


possible electroretinogram 


effect in the rabbit with any attainable dose 


of formate 


Tue EFFECT OF FORMALDEHYDE ON THI 


ELECTRORETINOGRAM AND ON OPTIC-NERVI 


DISC ILARGI 


Lhe formaldehyde 


aftect 


dose of 


the 


required to 
electroretinogram in the cat 1s 20 
The 


are shown in Figure 3 


the 


such 
lhe 


electroretinograt 


my. /kg results of in experiment 


upper tracing 
lower, the 


and off 


shows the 


optic-nerve discharge with its on 


AND 
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waves. The immediate effect of formaldehyde 
the the 


changes to a large negative-gomg deflection. 


is the abolishment of b-wave and 


optic tract discharge electroretinogram 
Four minutes later, the b-wave has returned 
to some extent, appearing in the trough et 
the 


of the opty 


At that time the on-wave 


negative wave 


tract reappears In about 
minutes a compl te return to the control pic 
ture is evident. The off-wave of the optic 
tract returns considerably later in time than 
the on-w In the cat, the [ 


the ott-w 


ave reapparance ot 

ave is not correlated with any other 

event in the electroretinogram optic-nerve 

discharge 

Figure 4 shows a similar experiment with 
rabbit 


cal rabbit ERG and optic-nerve discharge 


the The control picture shows a typt 
In the rabbit, the optic-nerve discharge con 
sists of both an early and a late on-discharge 
Formaldehyde, as 
the 


as well as an off-discharge 


immediately elimimates b-wave 


the 


betore, 


In the optic tract late on-wave and oft 


Waves disappear but the early on-wave re 


45 SEC.AFTER 
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STIMULUS 200 MSEC 


Fis (Pragim, S rive il 
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! Potts). TI 
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STIMULUS 200 M SEC 


Fig. 4 (Praglin, Spurney and Potts). The ette 


tof 40 me 


the rabbit electroretinogram 


mains at first. However, as the negative elec 
troretinogram imecreases amplitude, pos 
sibly, as Noel suggests, by progressive loss 
of the b-wave component the early on-wave 
is in part affected. Recovery 1s quickly at 
tained and the late on-wave and the off-wave 
As in the cat, 
plete recovery occurs In A few minutes. 

In the doses listed here (from 20 to 40 


return simultaneously com 


mg./kg.) no whole animal toxic effects were 
ever noted, and complete recovery of electri 


cal phenomena was always obtained. 


D. Tue eFFECTS OF PORMALDEHYDE AND 


LODOACETIC ACID 


In order to test whether or not formalde 
hyde and iodoacetic ac id act on the retina by 
mechanism, the experiment shown 
in Figure 5 was performed. A dose of 20 
mg./kg. of formaldehyde was given to a 
rabbit. The usual result, the immediate pro 
duction of a P-IIT type electroretimogram, ts 


Two hours were allowed for recov 


the same 


shown 


ery, At this time 15 meg kg of iodoacetic 


acid was given, and, as with formaldehyde, 


the b-wave was eliminated. Fifteen minutes 
after second 
was As 


effect could be noted 


this a dose of formaldehyde 


given can be seen, no additional 


DISCUSSION 


As stated in the introduction, the results 
of this investigation yield two types of in 
formation—specific data on the relative tox1 
city of methanol, formate, and formaldehyde 
and more general information on the com 
ponents of the electroretinogram and optic 
nerve discharge and their interrelationship 
These results will be discussed separately 
TOXICITY OF METHA 


A. Tut 


NOL, 


COMPARATIVE 


FORMALDEHYDE, AND FORMATI 


As the experimental results have shown, 
the effect of all three 
elimination of the b-wave and pro 


substances 1s quite 


similar 
duction or a P-IIL or negative-type of 


troretinogram. The doses necessary for this 


CONTROL 
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FABLE 1 


DOSAGES OF DRUGS NECESSARY TO GIVE EFFECT 


Concentration Just Giving Concentration Giving 5O- percent 

Electroretinogram Effect Inhibition of Retinal Glycolysis* 
Substa 

Mol. / ke Relative Concen Mol. /I Relative Concen 

\nimal tration Formal l Homogenate tration Formal 1 
CHO 0.341 440 +000 
HCOO 0.022 0.025 25 
HCHO 0.0007 l 0.001 l 


effect, however, are markedly diftterent, as 


lable show 


Only forn aldehvde was effective in small 


enough concentrations for it to be considered 


as functioning as a specific enzyme inhibitor 


Chere is a striking similarity between the 


doses of inhibitor required to give the electro 


retinogram effect and the concentrations r 


] 


quired for inhibition of glycolysis reported 


previously.* Chis correspondence ts shown in 


lable Whatever the 


actual concentrations, the 


vnificance ot the 
correspondence m 
order of magnitude is striking and cannot be 


nore d 


iMIN AF TER 


CONTROL 


The calculations previously made on the 
basis of the retinal metabolism figures (and 
as little as 10 gm. total dose 
ky. ot 


blindness in man) apply equally here. The 


fact that 


or O.005 


on the 
mols methanol can cause 


only one of the three substances which 1s 
inhibitory to the electroretinogram mn concen 
trations comparable to the human blindness 
again formaldehyde 


formialck ettect 


dose 1s 
Phe uniqueness of the 


underlined by our finding that the two 


carbon homolog iwcetaldehyde, does not dis 
turb the electroretinogram in dose times 
hivhet than the ettect formaldehyae close 


2 HRSAF TER 


HCHO 
INAFTER 3OSECAFTER 
HO.2 SEC 
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(T) sweee 
-TRGGER Z-AXIS 
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MAGNETIC 
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AC 
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3 
LAMP 
POWER SUPPLY 
Fig. 6 (Praglin, Spurney and Potts). Block diagram of electroretir ography apparatu 
Explanation in text 
Conversely, the general nature of the for an occasional animal did appear to have 
methanol effect is shown by the fact that abolition of the electroretinogram. If the dif 


comparable molar doses of ethanol reproduce 
the effect exac tly 
400 times the formaldehyde dose to do this 
given at 


alcohols requiring 
In addition the alcohols must be 
levels which inevitably produce coma and 
death ; and the conclusion is inescapable that 
here one is dealing only with the narcosis 
typical of a large series of organic solvents 


As mentioned earher, one possible assump 


tion from the foregoing is that formaldehyde 


is the proximal toxic agent in methanol poi 
soning and that the difference in susceptibility 
between primates and other animals is a dif 
ference in rate of manufacture of formalde 
hyde from methanol. In a preliminary at 
tempt to investigate this hypothesis, rabbits 
a daily, intravenous, sublethal 


were given 


dose of formaldehyde (40 mg./kg.) for one 


to two weeks. Results to date are equuiven al, 


ferences are based on rate of formaldehyde 
destruction, of course, such an experiment 
should be negative in the rabbit and positive 


Work in 


in the primate this direction 1s 
being continued 

The effect of formate is intermediate be 
tween that of methanol and formaldehyde as 
shown by Figure 2. Like formaldehyde, a re 
versible effect is produced at nontoxic levels 
but the dose required for its action is far in 
excess of that required by any known meta 
bolic inhibitor. Neverthe less, the action of 
this substance is reversible and the effect is 
The effects of 


formate on the electroretinogram are slightly 


reached at non-toxic levels 


different from those of formaldehyde, more 
over, as a comparison of Figures 2 and 3 will 
We that the 


appears im both cases but that in the case of 


show may note b-wave dis 


METHANOL AND ELECTRORETINOGRAM 


D.C. AMPLIFIER 


VACUUM-TUBE BALANCE ALTER 


Fig. 7 (Praglin, Spurney and Potts). Schematic diagt of DC. amplifier for electroretinogram recording 


formate the b-wave reappears in the electro b-wave reappears in the trough of the nega 
retinogram trace just before the pomt at tive response Further investigation of the 
which the negative wave descends from the formate effect will be necessary before it can 


baseline. In the case of formaldehyde, the be decided whether or not formate and 
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Fig. 8 (Praghn, Spurn nd Potts). Schematic diagra f power-supply for D.C. amplifier of Figure 7 
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formaldehyde actually differ in their retinal 


actions 


KETINOGRAM 


FRACTIONATION OF THE ELECTRO 


AND OPTIC-NERVE DISCHARGI 


BY 
3 and 4, which 
represent, respectively, the etlects of for 
rabbit 


As we have seen, Figure 


maldehyde on the cat and electro 


retinogram and optic-nerve discharge, show 
essentially the same picture After injection 
of formaldehyde, the b-wave ts eliminated 
and taking its place is the classical P-ILT-type 
electroretinogram. At the point of greatest 
negativity, presumably the point at which the 
b-wave is at its lowest amplitude, electrical 
activity in the optic nerve is eliminated. Dur 
ing the recovery process, as soon as some 
return of the b-wave is shown in the electro 
retinogram, the single on-wave of the cat and 
the early on-wave of the rabbit reappear. It 
is not until some time later in both expert 
ments that the remaining waves of the opti 
nerve discharge reappear. 

lhe following conclusions can be drawn 
from these experiments 

1. The on-discharge in the cat and the early 
on-discharge in the rabbit are probably func 
tionally related to the b-wave, if we can as 
sume, as Noel does, that only when the nega 
electroretinogram 


tivity in the poisoned 


reaches its maximum is the b-wave com 
pletely eliminate d. It is, nevertheless, not pos 
sible to agree with Granit’s theory that the 
b-wave is the generator of the optic-nerve 
discharge since Figures 3 and 4 emphatically 
support Schubert's” finding that the on-wave 
of the optic nerve occurs, in time, previous 
This fact 
is especially well illustrated in Figure 3, the 


Here, 


large a-wave is exactly synchronize d with the 


to the rising phase of the b-wave 


eight-minute tracing the abnormally 


on-wave. In view of these facts, it must be 
considered that, if the on-wave and the b 
wave are co-dependent, the b-wave must be 
thought of as an after-potential to the on 
wave, somewhat analogous to spinal cord 


after potentials 
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2. The electroretinogram 


occurs synchronously with the earliest wave 


a-wave of the 


of the optic tract response his fact plus the 
fact that the negative response remains after 
the b-wave and electrical activity in the 
optic nerve have been abolished, suggests that 
the P-ILL re sponse may have closer conne« 
tion with receptor excitation than does the 
b-wave. A few preliminary experiments mm 
this laboratory have lent plausibility to this 
conjecture by showing that formaldehyde 
produced P [1] responses are diminished by 
light adaptation and increased with dark 
adaptation 

3. The off-waves of the optic nerve and, mm 
the rabbit, the lat 


first on-wave 


on-wave can be disas 


sociated from the of the opti 


nerve by formaldehyde. This functional sepa 
ration is shown very well in Figures 3 and 
$. The off-waves always take much longet 
to recover from the effects of formaldehyde 
than do the The 
Kuffler'® suggest that, while 


on-discharges 


on-waves work ot 
and Barlow’ 


fibers of the opti 


in singh 
nerve may be generally due to more or less 
direct conduction of impulses from the recep 
tors via the bipolar ce lls to the ganglion cells, 
off-discharges occur by means of interaction 
between parts of the retina on the fringe of 
the stimulated area with those parts max! 
mally stimulated, via cross-connecting neu 
rons. In the light of this, it is possible that 
the fractionation of the optic-nerve discharge 
by formaldehyde is due to a greater suscept! 
bility of than of 
the direct formalae 


retinal cross-connections 


transmission chain to 


hyde 

$. In the rabbit the late on-wave and off 
wave seem to be related. This conclusion ts 
reached since on formaldehyde poisoning 
they disappear together and reappear to 
gether 


C. A COMPARISON OF FORMALDEHYDE, 


ACETIC ACID, AND AZIDI 


\ comparison of our results on formalde 
Noel on iodoaceti 


and azide yields the following information 


hvde with those of acid 


METHANOI 


and formaldehyde 


Both 


actions of azide 


1. The 


on the electroretinogram are identical 


act ina complete ly reversible fashion 

2. Whereas formaldehyde reversibly tra 
tionates the optic-nerve discharge, azick 
causes a lasting depression of optic nerve 
excitability 

3. Both in the rabbit and in the cat the 


iloacetic acid is irreversible 


abbit the 
those of azide and for 


action of 
+. In the 1 


At id re 


initial effects of iodo 
aceti semble 


hyde 


5 In the cat Noel clain that the b wave 
is more resistant to 1odoacetic acid than the 
i-wave This effect differs from that of 


formaldehyde and azide where the opposite 1s 
true 
Although these 


rion the property of inhibiting vlycolysi al 


substances have in com 


various stages, one cannot explain the «h 


vergence of their late effects with the help of 
mechanism 


When ; 


formaldehyde, 


nown biochem al 


much ts certain i rabbit (fig 


5) 1s demonstrated to react to 
illowed to recovet ind given iodoacetic acid 
(15 my kg ) to abolish the b-wave, a second 
dose of 20 mg./kg. of formaldehyde does not 


produce its characteristic effect 


SUMMARY 


relative toxicit of methanol, 


1. The 
formate. and formaldehyde on the retina of 
experimental animals have been investigated 
by electrophysiologic techniques. The 


to abolish the 


dose 


of these substance necessary 


b-wave of the electroretinogram were 
Formaldehyde, 0.0007 mol. /1 of animal; 


formate 0.025 mol./kg.; and methanol 0.03 


closely parallels 


This result the find 


pre viously 


mol. /kg 
inhibition of 
\ dose of 


human blindness 


ings reported for 


glycolysis in retinal homovenates 
methanol sufficient to cause 


to 0.005 mol } Therefore, only 


amounts 
if the 
hyde 
be sufficient to cause 
additional 


methanol were converted to formalde 


concentration of methanol 


This Is 


formalde 


would this 


porsoning con 


sidered evidence that 
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hyde is the proximal toxic agent in me thanol 


potsoning 


2. It has been shown that formaldehyce 
is a potent but reversible fractionating agent 
for both the electroretinogram and opti 


nerve discharge 
3 
Schubert's 


considered the yenerator ot the opt 


records 


the 


relations in our support 


conclusion” that b-wave can 


not be 
nerve disc harge 
dis 


the 


+ Fractionation of the opt nerve 


charge by formaldehyde demonstrates 


tract arise by 


ind oft-waves otf the opty 


different mechanisms 


University Hospitals (6) 


APreNDIS 


ted roon whiu occupte 


flash 


wered 


filament projection bulb or an electrom 


4) 


620-C 


ttunwstet mpi 
Ww nator 
the 


ittery acro the 


ittery elin 


in ATR # 
ripple and stability is assured by 
forage b 
the power suppl 
wered by a 300 watt, 5,000 
olt supy Included im thi ipply is a thyratror 
Repetitior 


pul ing circu 


firings the lamp 
up to 1,000 flashe per second are p 


tor 


The duration and frequency f the stimulus 1 


in the case of the tungsten bulb by an 


whi Iriven b 


OF EXPERIMENTAL ARRANGE MEN! 
eee Phe text refers to the block diagram of the 
experimental setup shown in Figure 6 
venti); third of the 
18 A. 6 V. com 
ct 
> 
rate 
witht 
electromagnet te 
relay (B) and ntrolled by timing circuit (A) : 
The timing ciremt 1 ipable of recurrent opera 
tien the range (0.05 to 1,000 cycles per second 
or it? be externall trigwered tors nig le timu 
pre te wits oper hutter era 
nitiate tie timiulus timer Immediately on 
ot the wit the weep ¢ the ial eal 
illoscope (11) (Dumont #322, 5SP11 long pet 
istence reer) 1 trigwered | the er At the 
x er is triewvered Ay the end 
lela when the « ope sweet progressed 
eat is] vero baseline, the stumulu 
i nitiated | the et i ™ sults 
_ rator whi irately times the stir lura 
PF fon mm a range f 10 milliseconds to 10 seconds by 
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62 
actuating a fast-acting telephone-type relay. In completely urate recording of the electrorett 
turn, this relay energizes the electron gnetic shut yran i reunt diagram ot the LD). ampliher wit 
ter which consists of rotat olencid (#8002, its associated power ipply u wn in Figures 7 
Price Electric Co.), modified by the addition ol! and After warm-up period of two irs, the 
hearings and a lever arm, for interrupting the lrift. with the { rted, is le than 300 mucré 
light bear vO per 

The intensity of light is modified by Wratten neu \ e-wave stor (Hewlett-Packart #200D) 
tral density filter und the color selected by inter is used to trigger time ! rker (G) m the range 
ference filters placed in the light patl With thi of sever 70,000 es per second, The sine wave 
arrangement, light intensity ar d wave length can is converted er ew fires a 
he varied through the entire pl siologic range. A vibrator circuit once each sine wave ‘ The 
phototube monitor (1D) amplihes and records the quare wave produced by the 1 itivibrator circuit 
duration and intensity of the light stim slus is applied to the z-axis mput the « pe and 

The electroretinogram (ERO) 1 picked up by pr wluce wm oimtet ited 1 na the 
nonpolarizable Ag-Ag( l-wick ele trodes placed on cilloscope trace The width « the time urker | 
the cornea and posterior pole of the eye The opti variable from 10 muicrosece lc to 10 second 7 
nerve discharge is recorded intracranially between internal phase-shift oscillator suppl dditional 
a steel or tungsten n icroelectrode placed in the time hase frequencies of one and five « les per 
optic nerve anterior to the chiasm ind the posterior econd 
electroretinogram electrode An indifferent ele The outputs tron the amplifier iv be dis 

pl ed ar | orded the du hear tile 


trode, common to both sets of electrodes, is placed = pla 

in the neck region (11) or the pen-writer (V) (Grass 4 channel pet 
The electroretinogram | amplified by a urat) 

unplifier (FE) and the optic nerve discharge by a authors ; wlebted to Dr. H. K. Hartline 

Grass model P4 capacity-coupled amplifier (lV) ! tions regarding the experiment 


Since a D.C. amplifier of low drift is essential for 
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\cidosts is 


im human n 


the 


soning 


prominent a clinical 


ethanol 


hat, “‘sev necessary 
and 


the 


amauro 


ror 


cle velopr ent 


ind 


blyopia 


Benton alhoun® state 


idosis ot appear to be the cause of 
in accelerating 
wlos irrected before 


permanent ocular may i resulted 
normal visua wuity can be ex 
d.” The st 


today 


return of 
pect 


po 


aC idosis 


indard therapy methanol 


oning consist of combattmg 


In view of this set ourselves the 


goal of trying to le irn vith labor itory ani 


mals whethes ‘ dosis 1 cause, or the 


companion, of visual | . in methanol 


po 


soning. Immediatel uestion arises 


whether other than 


develop acido trot methanol 


hur 


its 
literature apparently provides both yes 


no answet The second question 1s 


whether methanol « damage m 


nonhuman speci vers in the 
work in at 


whether 


literature are conflicting 
tempting to solve prol ot 
methanol ual damage 


in nonhuman material 


Spec 


for this paper 


first po tulated 


in methanol 


\PERIMENTAI 


PONTICITY METHANOL* 


METHANOL POISONING 


M. VPorrs, M.D 


Pohl* and who 


metabolism of 


posonimye, Rongers, 
had 
experime ntal 


sick red 


iting 
stuchied the methanol im 
Schmiedeberg con 


the 


animals, 
resultant 
blood 


ammonia 


that in these animals 
acid was neutralized either by 
formed 


base or by re wl 


undecided on the role ot 


lo 


acting 


Schn edebery Wil 
wcidosis m= visual 
(1913), 


theories, 


Krol upon Schmied 


berg’s investigated the ammonta 


dogs given non 


In all three 


output im the urine of three 


lethal divided doses 
he found the 


ol mie thanol 


amounts of urmary ammonia 


were doubled to quadrupled. In one dog he 


also determined urine formates, finding that 


formates neutralized only a quarter of the 


unmonia. Krol did not learn what acid o1 


acids did neutralize the remaining 75 per 
the although it not 
belt ved 


creased ammonia formation meant his dogs 


cent ot ammonia was 


oxalic acid he the im 


At 


were 


Grignolo (1913)" determined the hydro 
gen ion concentration of aqueous and blood 
logs with the concentration 
Although he 
hydrogen-ton 
dose ol 


that 


serum in three 


apparatus of ©. boa found a 


very lightly higher concen 


tration after single sublethal 


methanol (srignolo concluded these 


“changes which do not depart signifi 


the 


were 
trom values.” In 


of thi 


cantly physiological 


prite conclu he has been errome 


ously quoted in the literature® as having 


demonstrated acidosis in dog and as behev- 


ing the increased hydrogen ton concentration 


parallelled morphology chanye in the eve 


tissues 


Fyson and Schoenbers reported that 


methanol produced acidity of the aqueou 


in dogs and rabbits and aci in dog 


he 


controls 


resented no data about normal 


authors 


The statemert about ac 


Cleveland, Olu : 
is 
postulate 
_| 
«if 
fi || 
a 
I. Acipost 
In 1912, Schmiedeberg? 
the development of acidosis 
gery, University Hospital nd the | boratory for — 
Kesear n ©) mo Western Reserve Lm 
Office of Naval Research. A pre 
Section of the Asse Nese hom 
thalmology, Pittsburgh, Pen 
1954 EEE was 
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based on determinations of blood electro 
conductivity with a resistance bridge. 
They stated that an increase in electro 
conductivity of the blood might result from 
the breaking up of the corpuscles, from an 
the 
from any increase in the inorganic salts. Of 
they decided that 


the increased electroconductivity of their 


increase mm hydrogen ion content, or 


these three possibilities, 


dogs’ blood was due to an merease in the 
hydrogen ion concentration because blood 
serum following methanol was acid to 
phenolphthalem 

These authors did not realize that blood 
of normal dogs is acid to phenolphthalein.”’ 
These strictures also apply to their descrip 
tion of an acid aqueous.’* An additional 
source of error was that their animals suf 
fered severe anoxic anoxia from unventi 
lated 
prolonged anoxic anoxia 


(Van Liere). Koehler, 


Loevenhart'* found CO,-combining capacity 


inhalation experiments. Severe and 


causes at idosis 
trunquist and 
dropping to 9.8 vol. percent in pigs with 
It is that the 


Tyson Schoenberg 


con 
that 


methanol poisoning in experimental animals 


anoxic anoXta evident 


clusions of and 
produced acidosis has no justification on the 
basis of their experimental data. 

Haskell, Hileman, and Gardner (1921),"° 
using the gasometric apparatus of Van Slyke 
determine plasma CO, 


and Cullen to 


combining capacity in dogs, reached these 
conclusions 

“In dogs poisoned with methanol, the 
intoxication is, at times, 


the 


severity of the 


entirely at variance with degree of 
Al idosis 


“Alkali, in the 


bonate, has, in itself, little or no influence 


form of sodium bicat 
on the course of poisoning.” 

Although the authors evidently used large 
numbers of dogs, they give data on CO, 
combining capacity for only three: two re 
ceiving single oral doses of 7.9 gm./kg. had 
normal CO,-combining capacities shortly 
before and after death; one receiving 6.3 
gm./kg. survived with the following CO, 


combining capacities ¢ 43.9 vol percent be 
33.2 vol. percent at 24 


hours, and 29.6 vol. percent on the third 


fore methanol, 
day. The authors reported seven dogs given 
6.3 gm. methanol/kg., orally, plus 1.25 to 
5.0 gm. NaHCO,/kg./24 hours given either 
orally or intravenously, All except one died 
and at intervals bearing no relationship to 
the amount of sodium bicarbonate. No CO, 
combining capacities were reported as being 
done on this treated series. 

Loewy and Munzer (1923)** disagreed 
with Krol’s conclusion that increased uri 
nary ammonia formation meant that the dogs 
were acidotic. In two rabbits and one dog, 
they found no decrease in the CO, combin 
ing capacity or increase in pH. Their use of 
usually sublethal, and often subtoxic, doses 
of methanol, their paucity of experimental 
animals, and their lack of duplicate deter 
minations makes their work inconclusive, 
however. 

Leo (1925)** next tackled the problem of 
experimental acidosis by means of survivor 
ship with and without therapy with sodium 
bicarbonate. He made no CQO,-combining 
capacity determinations and used four dogs 
Two dogs received 145 gm methanol/kg 
every day for six days, by stomach tube, a 
low dosage. One of these two dogs received 
an average of 2.5 gm. NaHCO, every day, 


seven times. The control dog died on the 
eighth day, whereas the tre ated dog was com 
pletely well at that time No experimental 
data were given for the second pair of dogs 
except that the control dog died on the sixth 
day and the treated dog on the 10th day Leo 
stated that NaHCO 


the the rapy of methanol poisoned mice, rats, 


was without effect m 


and rabbits, but gave no experime ntal data 
This is not conclusive evidence, nor does Leo 
make such a claim. The German dog short 
age unfortunately prevented his doing fur 
ther He believed that these exper 


ments indicated a species difference im reac 


work 


tion to methanol, and that sodium bicarbo 
nate successfully combats methanol-induced 


acidosis in dogs 


Von belie Leo’s as 
sumptions were supported w the work of 


Rewiget (1922) Rewiger gave Six dogs 


single, subtoxic, oral doses of methanol 
(1.04 to 1.7 gm 
their urinary nitre 
dahl method 
maximal increases in the daily urimary nitro 
1.3 to 1.7 times thet 


two 


kg.) and then determined 
the Kyel 


nethanol he found 


ven outp it by 


Following 


gen of from normal 


output He likewise rats oral 


methanol at comparably subtoxic | vels for 


(3.8 and 4.4 g kg.) and found 


the Spe cics 


no effect on the urinary Rewiget 


nitrogen 
that there 1s a 


altered 


subscribed to the theory 


between eve dat ive and 


parallel 
ported no eve 


} 
put 
re] 


proteim met 
examinations in his animals 
(1933) 


re porte d that 
suth 


( lark and Gibson 


m dogs, while “sodium bicarbonate in 


cient amounts to maintain a normal acid-base 


balance was ineffective as was the repeated 


administration of glucose alone .acom 


} 


bined the rap’ with sodium bicarbonate seems 


ssful | pt ri were not 


suces 
published in this brief summary of an orally 
presented paper, but Dr. Clark very kindly 
made the experimental protocols available 
to us.2* Doing CO,-combining capacity by 
the Van method, Clark that, 


of four dos orally 


found 


with 


Slyke 
fatally po! oned 


administered. repeated doses of methanol, 


i 
three developed severe ma ido 
] From normal of $1 vol percent to a low 
of 20 vol per ent 
2. Fror it f 4] percent t 1 low 
f 14 vol i ent 
3%. Fror j percent to a low 


The fourth dog died before a postme thanol 


blood sample was obta ned. Only one dog 


single oral dost This dog sur 


was given a 
17.0 m. of ZJto Z per ent methanol 


kg. without developing widosis (from a 
normal of 36 vol. percent to a low of 31 vol 


Mi thanol dost 


peut substances varied in each « x perime nt 


percent ) and doses of thera 


However, even although dosages cannot be 


compared, the increased survival rate of the 


ITY 
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group treated with sodium bicarbonate and 


and insulin was not mathemati ally 


luc 


significant. Survivals were as follows: 


one out of five survived 


| Methanol only 


> Methanol and glucose-—one out ol three 
survived 

3. Methanol and NaHCO,—none out ol three 
survived 

4 Methanol and NaHCO, and insulin and glu 
cose--four out of six survived 


(1948)! measured the alkali reserve 
Nine 
gm 

LD.» per os 


and rabbits rats were given 


methanol/kg. by 
was 9.5 


im rats 


singh doses of 6.3 


stomach tube. Our rat 
that of 
(1.Deoo) 


Thus 


om./kg. (50-percent olution ) 


Alder, Buschke 
was 8.3 gm./kg. (70-percent solution ) 
dosage is evidently sublethal for rats 


and Gordonott* 


Rge's 
He collected bloods by decapitation on the 


two following days, finding all CO,-combin 


ing capacities lying between 47 and 6) vol 


percent. He also did a series of five rabbits 


lwo received daily oral doses of methanol 


varving from 2.4 to 5.5 gm./kg for three 
and Neither 
Three received sing! 

g.). Of these, one of the two 6.3 gm. 


gym./kg 
combining 


seven days showed acidosis 


(6.3 and 7.9 


e doses 


showed a drop in CO, 


f 20 vol percent on the second 


rabbits 
capac ity oO 
day, 


is not unusual for rabbits (see later ) 


to normal on the third This 
Values 


were 


returning 


administration of methanol 


to 
the other two, but second 


not reported for 


dav CO,-combining capacities were normal. 


Rge con luded that “like the rats, the rabbits 


showed no signs of a idosis 


Because of its bearing on aspects of our 


experimental work, a deseription of two 


on human acidosis 1 indicated 
of alkali therapy 
by Harrop and Benedict (1920)** who 


alkali re 


early work} 


‘The 


rack 


first clinical use was 


investigated their patient serve be 


cause of the work of Schmeideberg’ and 
Krol." patient drank about to 3.0 


methanol/kg. in one evening About 48 


almost blind and was 


gm 
later she was 


NaHCO 


On the second day after ingestion 


hours 


therapy corrected the 


At idotu 


idosis 
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of methanol, the patient was found to have 
2,200 cc./liter of N/10 titratable organi 
acids in her urine. This dropped four days 
later to a normal 200 to 400 ce. N/10 acid/l 
The method used for the determination of 
titratable organic acids was that described 
by Van Slyke and Palmer (1919).** Later 
m 1920 Van Slyke and Palmer® also de 
scribed a patient who survived ingestion of 
methanol and who also showed an increase 
in titratable his 
Neither Harrop and Benedict nor Van Slyke 
able 


specific acid caused the increase following 


organic acids in urine 


and Palmer were to ascertain what 
methanol. It was not caused by lactic, formic, 


or aceto-acetic acid. 


Il. OcuLAR EFFECTS 


The production of clinical ocular damage 
by methanol in nonhuman animals has been 
reported by some authors and denied by 
others. Likewise, there is disagreement about 
the production of histologic changes in ex 
perimental animals. A critical discussion of 
the much-debated questions relating to histo 
pathologic changes in the peripheral visual 
apparatus is beyond the scope of the present 
report; however, for the sake of complete 
ness, we are reporting the authors’ conclu 
sions on histologic experiments 

In humans, methanol frequently causes 
ocular signs and symptoms and blindness, 
about the appearance of which there is essen 
tial agreement in the literature.**"* It is 
for these effects that we must look in the 
papers on experimental poisoning. Four 
common sources of confusion should be con 
sidered before discussing the individual 
papers : 

One error is the conclusion that animals 
in the early stage of intoxication (the first 
few hours after administration of methanol ) 
who bump or stumble over objects are blind. 
These are unquestionably ataxic manifesta 
tions of alcoholic intoxication and are de 
pendent alterations of 


higher cerebral functions rather than due to 


upon temporary 


any impairment in function of the peripheral 


visual apparatus. One does not observe 
blindness at this stage in human cases. 
A second error is that visual impairment 


following exposure keratitis is due to a 
All au 


are agreed that nonprimates shortly 


specif ocular effect of methanol 


thors 
after a sufficiently large dose of methanol 


become comatose. During coma, which can 


last as long as four days, the eyelids are 
severe keratitis 


usually open. A exposure 


with secondary bacterial invasion occurs in 
these cases and results in corneal opacifica 
tion, which undoubtedly diminishes vision 
This 


comparable to the methanol blindness of 


nonspecific secondary damage is not 
humans 

rhe third error is concerned with altered 
pupillary sizes and reactions. These changes 
are common in all nonprimates; but neither 
in the literature nor in our experience do 
they show correlation with ocular damage 
as evinced by ophthalmoscopi« and histo 
pathologic appearances. They are associated 


We 


believe that in nonprimates the mechanism 


with semicomatose and comatose states 
of production of these pupillary changes is 
one common to all anesthetic agents and is 
the 


methanol 


unrelated to specif ocular dan age 


caused by Nystagmus is probably 


developed on a similar basis since higher 
alcohols are also reported to cause it; how 
ever, no authors have claimed loss of vision 
animals developed nystagmus 


that 


because the 
fourth 
moribund animals who do not respond to 


ambly 


States 


error is comatose and 


visual stimuli are blind from the toxi 


Opia of methanol. Animals in such 


do not respond to any type of stimulus 


In 1896 Joffroy and Serveaux,” in a study 


of acute intravenous and intramuscular 


methanol poisoning, reported nystagmus and 


} 


pupillary changes (mydriasis and 


in dogs and rabbits. In two chronically 


poisoned dogs no eye changes were noted 


These authors did not report having done 


ophthalmoscopic examinations 


Baer (1898) gave rabbits single oral 


doses of methanol. He de scribed early pu 
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pillary changes; with lethal doses he often 
found nystagmus 

Ward Holden (1899) was the first 
worker to claim that he produced the tox 


amblyopia of methanol poisoning in expert 


mental animals. This claim was based upon 
one dog who received 4.0 ta methanol kg 
by stomach tube on day and five of the 


Holden deset 


lary changes and blind drunkenness, On day 


on 


bed early pupil 


experiment 


seven he reported ocular irritation as shown 


by the dog's rubbing his eves with his paws 


On day 15 (10 days after the last methanol ) 


the corneas became cittuse ly hazy (On day 


16 the dog was found dead. The autolyzed 


eyes were sectioned and were said to show 


retinal ganglion cell and optic nerve degene 


ration caused by methanol. An autopsy to 
determine the cause of death was not re 
ported 

Harry Friedenwald (1902),"* in an ab 
stract of an oral presentation reported 


rabbits with 


pol oning No 


ganglion cell degeneration in 


methanol experi 


chronic 
mental details were published about clinical 
eye examinations 


Birch-Hirschfeld in a series of scholarly 


papers (1900, 1901, 1902) reported his 
experiments in detail. He poi oned seven 
rabbits, three hens, four dogs, and three 


rhe sus aque with re pt ite d oral dose of 


methanol. He described primary ganglion 


cell degenerat on of the retina occasionally 
deyveneration 


His 


consice rable in 


followed by Opt nerve 
clinical observations are of 


All of In 
rece ed als ost 


with the exe eption 
daily 


examinations and tests tor 


terest animals 


of the hens ophthal 


obie 


tive signs of visual defects. Of these animals 


only one, a monkey, was considered by 
Birch-Hirschfeld to have definite evidence 
of ocular damage This monkey, given 


methanol for 15 days (amounts of methanol 
ported but produced 


I 1th 


experimental day optic atrophy and dilata 


body weight were not re 


toxic symptoms), showed from the 


tion and tortuosity of the retinal veins along 


with behavior indicating possible visual loss 
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One dog, poisoned for 35 days, showed on 
one examination a transient hyperemia of the 
dises with dilatation of the retinal veins, but 
had no clinical evidence of visual loss. Only 
Birch-Hirschfeld 
sider the clinical presence of a tox ambly 


in the monkey did con 
a certainty 

Reid Hunt (1902)°* reported experiments 
on rabbits and dogs in which he believed 
one dog became blind. This dog, who was 
fatally poisoned with repeated doses and 
who had repeated episodes of unconscious 
ness, developed a mucopurulent conjuncti 
vitis followed by corneal clouding. When the 
corneas became blue, blindness was observed 
as 


| he de 


blindness due 


This case has been extensively 


methanol toxic amblyopia in dogs 
scription in the paper 1s of 
to exposure keratitis and not to methanol 
toxic amblyopia 

(1906) 


giving lethal imtrave 


nous doses of methanol and other alcohols to 


| esieur 


rabbits, reported all alcohols caused nystag 

mus rarely and mydriasis frequently 
Nicloux Placet (1912)" 

dilated pupils in one dog fatally poisoned 


and reported 


with intravenous methanol 
The 


(1913)" has been misquoted’ in that it 1s 


paper by Igersheimer and Verzar 


cited as showing methanol amblyopia in 
hens. Igersheimer and Verzar reported that 
hens showed “diminishing of the light sense 
with methanol (that is, weaker scratching 
[for food] with diminishing light).” The 


raises the 


whether these light sense findings are indica 


authors said, question 
tive of changes of the retina itself or should 
they be interpreted as cerebral fatigue symp 


We 


give the 


venture at this time to 


this 


toms. cannot 
question on the 


They 


changes 


answer to 


grounds of our experiments.” also 
found no definite histopathologi 
in the eyes of their experimental animals 

Krol (1913)* stated that none of his three 
dogs nonfatally poisoned with divided doses 
No ophthalmo 
Krol's 


and well below the 


showed any of ular damage 


scopi examinations were reported 


do es were 


bare ly 
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approximate oral minimum lethal dose for 
dogs. 
Kasass (1913)” 


oral doses of methanol for periods varying 


rabbits tox 


from one to 267 days. On pathologie exami 


nation he found “changes im the vascular 


membrane, in the membranes of the opti 
nerve, in the retina, beginning with drops) 
and degeneration up to albuminuric retinitis, 


and, in the optic nerve begmning with 
parenchymatous degenerated neuritis up to 
axial atrophy.” 

In 15 of the 40 rabbits, Kasass reported 
ophthalmoscopic changes, the most frequent 
of which (14 rabbits) consisted of narrow 
retinal arteries. Dilated retinal veins oct urred 
in four. Pale discs “which did not have any 
special significance e” occurred in eight. 
“White dises of suspicious appearance” were 
seen in three and acute optic atrophy in three. 
Kasass was unable to devise any test with 
which he could determine the presence oF 
absence of vision in rabbits 

Evaluation of this paper is difficult. In the 
early portion, Kasass stated that “numbers 
17, 21, and 23 have to ix excluded since 
they died from other causes”; yet he de 
scribed the pathologic changes in the periph 
eral visual apparatus of these three rabbits 
and based his conclusions on findings in 
these three animals as well as in others. The 
unique difficulty of a funcduscopi diagnosis 
of the of the 


myelinated nervehead of the rabbit nee ds no 


optic atrophy in presence 
emphasis 

Langgaard (1913)* saw nystagmus im one 
of a series of rabbits fatally poisoned with 
oral methanol. 

Tyson and Schoenberg reported acute 


and chronic inhalation experiments using 
five guinea pigs, one rabbit, nine dogs, and 
one monkey. They report 7 ophthalmoscopic 
changes in 100 percent of the examine d dogs 
and the monkey, and retinal ganglion cell 
degeneration in all animals. In passing, 1 
should be mentioned that, except in two tn 
stances, all pathologic mate rial was obtained 


from animals dead for an unknown period 
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of time. Fundus changes reported in the dogs 


consisted, with one exception of hyperemia 


and edema of the opt discs, and dilatation 
and darkening of the retinal veins 

Their dogs were placed in an unventilated 
box. Calculations show severe anoxia Was 


‘The 
scopl exammations 
dogs 


never reported after the few 


produced authors ade ophthaln 
immediately after re 
moving the from the box; and ey 
changes were 
stated that 


times in which the authors free 


ventilation had been given 
Anoxia is reported to cause dilatation and 


darkening ot the retinal ve ssel ally 
the 
Duguet, Dumont, and 
of the blind 


Schubert"), and 1 


1} 
Booth 


senson, and 


Bailhart*’ ) 


veins (Cusick, 


nlat ye 


ment spot (Goldmann and 


believed “to play a role 


in the production of visual defects associ 
ated with papilledema as sometimes occurs 


State ( Walsh* 


in hemorrhagi 


Thus, anoxia alone cause the ocular 


findings Tyson and Schoenberg as ribed to 


methanol These eye changes are found in 


uncomplicated anoxia. Tyson ind Schoen 


berg’s unventilated box provided increasing 


carbon dioxide in addition to decreasing OX) 


gen amounts. It 1s unnecessary to consider 
toxic effects of carbon dioxide here 

Phe exception in the fundus changes was 
in one dog who from eight to 50 days had 
optic dises which were “paler than in the 
normal dog examined,” The monkey appat 
ently received free ventilation during at 
least most of the experiments, as was Ir 


quently noted by the authors. On day 19, the 


discs were considered hyperemic as com 
pared with the first examination ; this wa 
subsequently — not remarked upon, the 
monkev dying at 22 days. This might repre 
sent toxic amblyopia; on the other hand, 
they report one dog who was killed when 
the assistant accidentally closed the vents 
for too long a time 

In 1920, the official protocol of an ecting* 


stated that, in association with the report of 
“Birch 


and 


human cases of methanol poisoning 


Hirschfeld presented data ot retina 
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optic nerve pathology in experimental am himself and co-workers. From oral doses 
mals.” Apparently this was merely a sun viven every two to three days for mine to 50 
mary of his 1900 to 1902 experiments, a days, the dogs showed marked mtoxication 
surn ( ibetted b the tact that Schwarz but “dur ny lite gave no indication ophthal 
kopf*? working under Bireh-H rschfeld in moscopic or otherwise, of detective vision” 
1922 failed to cite any worl ore recent ind pathology examinations failed to show 
than 1902 retinal ganglion cell degeneration. In one 
Schanz (1920)* claimed that exposure of dog there was very slight veiling of the 
the eye to light precipitated the tox ambly dises on one day. but deSchweinitz did not 
opia ol ethanol potsonu chanz gave consider this significant 
three rabbits single sublethal oral doses ot Munch and Schwartze (1925)* studied 
methanol (One eye ot ¢ ich rabbit was vwcute oral toxicities im rabbit Their only 
covered, except during ophthalmoscopic ex reported eye finding was frequently occur 
uminations. One rabbit killed after 10 day ring nystagmus 
showed no abnormalities, O.U. Rabbit No. 2, Rost and Braun (1926)°" coneluded, on 
killed after 19 days. had a normal unlighted the basis of the literature as well as of 
eve and large exudates in the lower half ot their own work, that the specific poisoning 
the retina of the lighted eye. Schanz gave no by methanol oft the nervous apparatus of 
description of thes exudates, but this doc human eve was also found in animal 
not resemble the human toxic amblyopia 19 Their conclusions were based upon the fol 
days after methanol poisoning. No exper! lowing evidence. In poisonings of dogs, 
mental details whatsoever about the third — rabbits, hens, duck ind a cat by orally ad 
rabbit were reported See discussion of this ministered, divided doses, one dog after five 
paper by Schw irzkopt.* days ol deep narcosi wa found to have 
Friedenwald and felt (1920)* gave clinical eye changes. This was a blue-white 
rats, mice, guinea pigs, rabbits, and dogs opacity of the cornea, Ganglion cell change 
methanol doses comparable to those given by were found in specimens obtained after dogs : 
Birch-Hirsehfeld (phtha oscopic exXaml had been dead for unknown times; but no 
nations were not done They found that pathologie changes were found im the eyes 


Birch-Hirsehfeld’s histologic findings could of dog experimentally killed Rost and 


be expla ned by artefacts due to fixation tech Braun also reported nystagmu in rabbits 
niques rather than to 1 ethanol potsoning Alfred Leo ( 1927 ) * vave sim le dose ol 
Bills and Maukin (1921 exposed white methanol to four dogs and chronically por 
rats to methanol furne petting tox oned two dogs ( both orally ). In all experi 
ystemic effects and even death However, ments he found no eye damage or change : 
no decrease m brightn sensitivity Wa except one epi ode each in two dog ole irl\ : 
observed pupillary change Leo did not do ophthal 
Schwarzl opt (1922 )* chronically po moscopic O1 hi topathologi eXamimations ot 
soned three rabbits and two dogs with me th the eyes : 
anol via stomach tube. He found retinal gan Weese (1928 used mice in chronic in 
vlion cell degeneration and occasional opti halation experiments. Groll, who examined 
nerve degeneration but no detinite clinical o1 the histologic sections of the eve found 
ophthalmoscopic ev dences of ocular damage degenerative change of the nervous el 
His experiments also dealt with exposure of = ments of the retina but was of the opimion 
the eve to light, which he reported to be that these change were not nece irily the 
without effect on methanol poisoning result of an intravital proce 
deSchweinitz (1923) reported data on oe (1929 on the ba of acute mitra 


three chronically pos ned dogs tuched by venou poisoning exper ‘ | that 
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blind 
statement of blind 


became The evi 
this 


ness was made consisted of two rabbits who 


rabbits sometimes 


dence upon which 
(1) did not raise their heads to a bright 
light in a dark chamber and (2) did not 
immediately gotoa proffered cabbage leaf. 
One of these rabbits was moribund at the 
time of testing, dying less than four hours 
later. In consideration of the unpredictability 
of normal rabbit behavior, we do not find 
this evidence convincing. Noé reported no 


ophthalmoscopic or other ocular find 
ings 

Keeser (1931, 1931)°""* found formalde 
hyde in the vitreous of rabbits given re 
peated sublethal doses of methanol After 
incubating surviving calves’ vitreous with 
methanol, he also found formaldehyde, which 
he considered the toxic agent in methanol 
poisoning. He reported, without giving the 
numbers of rabbits used, that “the animals, 
which for two weeks had daily received 3.0 
ce, methanol plus 0.5 gm. ammonium cat 
dilute 


solution, showed less extensive changes in 


bonate/kg. body weight in aqueous 


their organs by macroscopic examination 


than those animals who were given only 
methanol.” Keeser did not specify what 
organs or what changes 


MeCord (1931)°" 
McCord (1933) gave single and repeated 


and Scott, Helz, and 


doses of methanol by skin absorption, in 


halation, and ingestion to rats, rabbits, and 
rhesus monkeys. Reported clinical ocular 
findings were: early pupillary dilatation and 
slow reaction to light (species unidentified), 
corneal opacification in some of the rats and 
rabbits, clinical optic atrophy in rabbits, and 
blindness (one monkey, other species un 
identified). No correlation was given be- 
tween dosage and clinical ocular findings 
lhey reported the following histopathologic 
changes: parenchymatous degeneration and 
focal necrosis of the liver; parenchymatous 
degeneration of the epithelium lining the 
convoluted tubules of the kidney ; increased 
blood-forming activity of the spleen ; edema, 
congestion, and desquamation of the alveo 
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lar epithelium and pneumonic consolidation 


of the lungs; edema, granular degenera 
tion, and necrosis of the muscular fibers of 
the heart ; frequent hyperplasia of the lymph 
nodes; capillary congestion, edema, and 
patchy degeneration in the neurones of the 
spinal cord and brain; peripherat neuritis ; 
constant retinal changes consisting of marked 
congestion of the choroidal vessels, edema, 
patchy degeneration of the ganglion cells; 
and rarely, including one monkey blind at 
death, degeneration of the optic nerve. The 
report that a monkey was blind at death 1s 
significant. Unfortunately protocols giving 
details of the clinical and histopathologic 
findings are no longer available 

“series” of 


sublethal 


His only abnormal on ular 


Sammartino (1933)* gave a 


one rabbit a single intravenous 


dose of methanol 
was transient 


finding “hyperemia of the 


papillary veins” in the fundi. In six rabbits 
given formaldehyde and five given formu 
acid, he found fundi always normal. A minor 
fundus change of a debatable nature in one 
with unusual discs does not 


of a species 


constitute toxic amblyopia in our opimion 
Harada (1937)* 


action of methanol and nine other drugs in 


studied the antihelmink 


mice and dogs. Along with four other drugs 
in dogs, methanol was reported to cause 
“sight damage, as was shown by blindness 
mydriasis, slow pupillary reaction to light, 
anisocoria, and often fixed pupils ” Harada 
gave no evidence as to how he determined 
“blindness”; apparently his conclusion of 
blindness was based on the early pupillary 


Harada de 


degenerative 


changes in narcotized animals 


scribed a variety of histologi 
changes common to all 10 drugs; no details 
of techniques were given. 

Alder, Buschke, and Gordonoff** worked 
with rats and rabbits giving both oral 
methanol. White rats were fatally poisoned 
with single and repeated doses. Their eyes 
showed no ophthalmoscopic changes, and 
with respect to histopathologic findings, the 
authors concluded that any alterations could 


equally well have been caused by artificial 


ISUAL 
means. Although white rabbits nonfatally 
poisoned with repeated loses showed no 
ophthalmoscopr changes their retinas 
showed ganglion-cell degeneration. These 


rabbits were given 1.4 gm. of a 70-percent 
solution of methanol/kg. on days 1, 3, and 
4. For the rabbit this dosage hould be sub 
toxic: in our hands a single oral dose of 7.0 
gn of 30-percent methanol/kg. was the 
approximate 


fFomita (1939) fed cde repeated daily 
doses of 14 to 12 gm./kg. of 
ixed with cow’s milk 


he di 


of clinical visual 


percent 
nethanol n until death 
ome of these 
based 


upon pupillary changes or corne il opacifica 


occurred 


dogs 
oy 


tion following exposure keratitis. ‘ phthal 
moscopic examinations made on some of 
the dogs alwavs showed normal eyegrounds 


224 days 


ed retinal veins toward 


ex ept tor om che oned tor 


and showing engor 


the end lomiuta reported degenerative 
changes of the ganglion cells of the retina; 
degeneration of the optic-nerve fibers; 
softening, endarterit and bleeding in the 


brain. Fixation of tissues was done from 


ifter death 


1941)°* found no 


Zero to Six hours 


Koppanyi and Cutting 


blindness in two dogs for several weeks 
after recovering trot ingle oral doses of 
16 vm./kg. of absolute methanol, and in 
one dog given 8.0 gm./kg. All three were 
treated with massive intravenous infusions 
of one-percent NaCl The higher dose 1s 
about double the lethal dose for dogs. No 
ophthaln oscopr examination were 
ported 

Savers et al. (1942 (1944) gave 
methanol mainly by inhalation and in a few 
experiments by skin absorption. Dosage 
were found to be subtoxic. No deviations 


from normal ophthalmoscopic findings were 
seen in any of the dog 
It is of great interest that the ophthal 


mologist in this study, J. G. Linn, ¢ xamined 
30 normal control dogs with the following 
varied findings: no abnormalities to slight 


congestion of the dises; slight to marked 
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congestion of the discs and fundi; granular 


pallor of fundi; pallor and 


evegrounds ; 


ss of the discs; one with slight exca 


fuzzine 
vation of the lise 
Linn believed that slight congestion which 


‘and one with an exudate 


mav have slightly increased after methanol 


was on a vascular basis due to reactions to 
fright or struggling 

(1943)* that he had 
demonstrated ganglion-cell degeneration and 
vehead 


dogs and rabbits poisoned with 
methanol, He 


brink concluded 


edema of the net m histopatholog1 
sections ot 
repeated doses of found no 
apparent visual disturbances Experimental 
details but Dr. Fink 
most kindly made available to us the pro 


rabbits 


were not published, 


tocols of his hive 


given 


experiments 


were approximately (taking average 


rabbit size to be 2.0 kg.) 4.0 gm. of 100) 
percent methanol/kg. every other day, six 
doses Slightly dilated or tortuous ve els 


were noted in all. Four dogs were given 3.5 
ym. of 100-percent methanol/kg. every other 
one day, in one dog, 


We assume 
that Fink felt the appearance of the retinal 


day, five doses Con 


dilated retinal vessels were seen 


vessels was not significant since he reported 
publi hed papers 
10 ym. of 


third 


negative results his 


Four rabbits received about 
100-percent 
20 doses, and four dogs 
100-percent 


20 doses, 


methanol/kg. every day, 
received 0.66 gm. of 
third 
without either series showing oph 
last 


given by 


methanol/kg. every day, 


thalmoscopic changes. Doses these 


two groups were less than those 


authors previously reporting in vive ocular 
after chron 


1948 


changes 
he 
cell 


oral dose 


potsoning 
found no retinal ganglion 
with single 


changes in rats poisoned 


or in rabbits poisoned with single 


doses \ 


were low. He 


oral previously 


and ated 


his rat doses made no 


noted, 
report of clinical ocular findings 
Maver Obiditch | 1953)" re 


d deposition of an ae idophily 


Fanta and 


porte material 


mto connective tt 


heaths and periva cular 


ue of the optic nerve in an unspe ihed num 


who were killed apparently 


be 1 of rabbit 
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only several hours after eating an unspec ified 
amount of the methanol which was poured 
into their food, These authors stated, 
“There occurred again the shortest 


time paralyses in the region of the rear 


after 


extremities and various signs authorized the 
that the the 


was disturbed.” This was their only mention 


assumption sight of animals 


of clinical ocular findings; so from the con 
believe the 
effects 


text we “various signs” were 


early narcotn such as ataxia and 


pupillary changes, rather than those of tox 
amblyopia 
(1953)* 


that sub 


conjunctival injections of hydrogen peroxide 


Marcon int claimed 
apparently ameliorated the histopathologi 
of rabbits after 
He re 


ported “intense hyperemia of the vessels of 


changes in the optic nerves 


single systemic doses of methanol 
the ocular fundus” in three out of his series 


of four rabbits. (ne rabbit was given 3.0 


ym. of 15-percent methanol/kg., imtrave 
nously; the other three were given 2.5 gm./ 


N th 


20-percent methanol/kg. was the intravenous 


kg., intravenously reported 4.2 gm. of 
minimum lethal dose for rabbits. Thus Mat 
concini’s doses were low 

St 


MMAKY 


\. Much of the « xperimental work, from 


which methanol-induced acidosis m = non 


primates is claime d, is technically inadequate 
The Table 1 had CQO 


combining capac ity determinations made be 


cases shown 1n have 
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This is 
of 


methanol poisoning 


the 


fore and after 


contrast to frequent development 


severe acidosis in humans following single 
oral doses. The numbers involved do not con 
stitute adequate proof or disproof of a similar 
frequent development of acidosis im non 
primate 

B. Although there are many claims in the 
literature of clinical visual loss 


in experi 


mental animals, some are erroneously based 
on four common sources of confusion whi h 
related to the typical methanol am 


Other 


are not 


blyopia seen in humans papers are 


inconclusive because (1) animals were given 


subtoxt 


dose S whic h were probably or 
(2) insufficient ev idence was report d. Some 
papers reporting negative results did not 


include ophthalmoscopic examinations 


‘ ‘ 1, 67 report d nega 


Five authors 
tive clinical ocular and ophthalmoscopic find 
and two rhesus 


ings in rats, rabbits, dogs, 


monkevs. Almost all of these animals were 
chronically poisoned by oral administration 
One paper® reported negative findings in 
brightness discrimination with rats 

(one paper“ reported positive clinical and 
chronically 


po 


could he on the 


changes 
Wi 


changes 


ophthalmoscop in 


poisoned rabbits mentioned the 
bility that these 
basis of contusion ot 


fibers, 


basis of a true toxn ambly opla 


appearance in view ol 


mvelinated nerve rather than on the 


(ne paper , reported one rhesus monkey, 


fully documented and reasonably incontesta 


PABLE 1 


CASES IN THE LITERATUR 


BEFORE 


Number of 


SHOWING CO 
AND APTER METHANO! 


COMBINING CAPACITY DETE RMINATIONS 
POTSONING 


Reference 


Species Dosage Result Acidosis 

Dow ; Repeated Fatally poisoned Severe A 

Leow Single Fatally poisoned None 15 

Dog ! Single Nonfatally poisoned Moderate 15 

Dow 1 Single Nonfatally poisoned None 21 

Rabbit ; Repeated Exper killed but probably Nom 1 
fatal doses 

Rabbit 2 Single Exper. killed but probably None 1 
fatal doses 

Rat 9 Single Exper. killed but probably None 1 


sublethal doses 
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ble, with clinical and ophthalmoscopic evi 


tox amblyopi i caused by methanol 


cle nce of 


C. Authors’ summaries of histopatholog: 


findings in experimental animals following 


ethanol poisoning were listed. Some re 
ported positive finding iinly of retinal 
ganglion-cell and optic-nerve degeneration ; 


others were of the opinion that these changes 


could all be accounted for by autolysis and 


not make a criti 


hixation technique s. We did 


cal evaluation of histopathologic exper! 


MATERIAL AND METHODS 


Rats were male 
Dawle 
Rabbits 


Dogs were 


train 
were male 
ry mal | 
monyre ales obtaimmed trom 
the city pound 
Monkeys 
malata ), 


the 


were wild male rhesus macques 


(macacus good 
health at 


days was the 


all apparently in 
be ginning ol! experiments. 
minimum stay in the 


to being used im exper! 


laboratory prior 
ments. During experiments they were lodged 
Im an air-con litioned room and were given 


daily multivitamin supplements 


II. SOLUTIONS 


A. Methanol, Merck, 99.5 


was used through 


percent reagent 


methanol, acetone free, 


out. (© oncentration were chosen atter con 
ideration of two tactors 
l Probable tomach capacity, since a vol 


ume exceeding this would cause regurgita 
thon 

2 Pendency of high concentrations to 
cause vomiuting ince doses of 


methanol are so high in nonprimates, choo 


ing a successful procedure wa ometin 

difficult Most rodents got 50-percent 
methanol (weight); wherea dogs got 16 
to 26 percent and monkeys got five to 22 


pere ent 


solutions for dogs 


Methanol 


contained 


> 
B. Sucrose 


and monkeys up to 20 gm. of 


OF METHANOI 


in adding the surcose 


The 


ention ot 


sucrose purpose 


was methanol irritation to 


the gastric mucosa, which is conducive to 


vomiting Since the monkeys showed no 


gns of nausea or vomiting, this could well 


di 


ments 


nued in future monkey experi 


cont 


llowever, most dogs were nauseated 


\pparently the surcose, plus rapid return 


to feet and elevating the mouth at th end ot 


vavage, plus flattery, kept early vomiting 
from occurring in all but two of the dog 
experiments. Keeney and Mellinkoft'’ “pos 


tulated that glucose may be a valuable idjunet 


to alkalinization” in the treatment of metha 
nol poisoning, but Clark and Gibson®® found 
vlucose alone did not lessen toxic effects 
ot methanol in dogs. Since food intake 


before experiments was unregulated m out 


amounts of 


addi 


animals, we would not « Xpect tive 


to have any significant 


etlect 


rose piven 


tional s\ 


Route OF ADMINISTRATION 


olutions were given by 


Me thanol 


thet zed 


pavage 


to uname animals, except tor the 


first four rabbit experiments in which it was 
given intravenously, For rats, a curved steel 
introduced 


held 


introduced 


necdie with a bulbous tip wa 


into the ¢ ophagu ; jaws were open 


with string. Rubber catheter 


were u ed 


orally between wooden mouth gag 


in rabbits (size 12, French) and dogs (size 


26. French). Size-® French catheter were 
introduced nasally in monkeys, with jaw 
held firmly closed 
IV. Actposis STUDIES 

\ Apparatus for carbon dioxide combin 


ing power determinations 


The Van Slyke manometri apparatu and 


technique was used for the first five rabbit 
experiment 


‘The 


was used for 


Lazarow microgasometri apparatu 
all other ¢ {),-con bining Ca 


pacity determination This method’? in our 


hands had the advantage over the 


ments. 
|. ANIMALS 
ibinos of the Sprague 
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of greater reproducibility, greater rapidity, 
and the requirement of less blood 

In all listings of CQ,-combining capaci 
all the 


two clos 


ties, single results are averages of 
st replicate determinations except 
when these had an average deviation of more 
that the 


also listed 


than five percent. In case closest 


replicate determinations are 


B. Blood spe imens 


1. Rats were killed by decapitation with 
sheep emasculating shears with the sharp 
edge toward the body. Mixed arterial and 
venous blood was then collected from drip 
pings from the neck vessels 

2. Rabbits the 


which the Van Slyke was used, blood was 


In early experiments in 
withdrawn after cut downs from the jugular 
and by heart puncture. In later experiments 
bloods were obtained when possible from 
razor cuts of the ear artery; on a few ox 
casions they were gotten by heart puncture. 

3. Dogs 
jugular or the leg veins 

4. Monkeys 


leg veins when possible; otherwise from the 


Bloods came from the external 


Bloods were obtained from 
femoral. 
Any the 


combining capacities due to varying sources 


possible variations in CO, 
of blood would be expected to be insignifi 
cant beside the 20 to 30 vol percent drop 
which occurs in methanol acidosis 

Bloods were collected with a drop of aque 


salt) as anticoagulant and centrifuged on the 


ous solution of Heparin (sodium 


day they were drawn. The separated plasma 
was kept frozen until the CO,-combining 


capacity determinations were made. 


RESULTS 


Our experiments dealt with acute metha 
nol poisoning by single oral doses in rodents, 
dogs, and the rhesus macaque. In a few rab 
bits the intravenous route was used, Four 
types of observations, contrasting the dif 
ferences between primates and nonprimates, 
are presented ; (1) Levels of toxic doses, (2) 


symptoms, (3) findings, and 


clinical eye 
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(4) acidosis studies. ¢ omplete data are re 


ported in Tables 2 through 7 


|. LeTHAL DOSES 


Lethal doses for rodents and dogs were 
Monkeys 


as hu 


six to 10 times those for humans 
had lethal doses in the same range 
mans. All toxicity data now being considered 
are for single oral doses. Our primary inte! 
to lethal 


which would permit the animals to survive 


est in this study was doses 


give 


for 24 hours. In order to achieve this we 
necessarily accumulated our own toxicity 
data. Data from the literature are listed im 


lable 8 


A Rode nts 


1. Rats. In a series of 23 rats, 9.5 gm. ot 
50-percent methanol per kg. was the ap 


proximate 1.1), 
2. Rabbits. While we did not run a 


icity series on rabbits, we found that out o! 


tox 


three rabbits, all died between 24 hours and 
three days when given 7.0 gm. of 30-percent 
kg rabbit 


70 gin of a 50 percent solution died in less 


methanol per orally. One given 


than 24 hours. 


Lb. Dogs 


We had nine dog experiments, using 16 
percent to 26-percent by weight methanol 


with these results: 


Orat Dost RESULT 
(gm./kg.) 
25 Survived 
35 Survived 
40 Died 29-46 hr 
+5 Survived 
Survived 
Survived 
70 Survived 
8.0 Survived 
Died 28-42 hr 
C, Monkeys 
Acute oral toxicity studies on the rhesus 


macaque have not previously been reported 


he early vom 


* 


I able 6 


ited 


suse ‘ 
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Qur results using single oral doses of metha 
nol were: 
Doss RESULT 
(qt kg.) 
10 Survived 
Sur ed 
30 Died 32-38 her 
a) Died 29-36 } 
60 Died at 29 hu 
5.0 Died 6-23 hr 


This 


more than approximat lethal 


small to give 


‘ sp 


nonhuman ani 


series is Of course too 
doses, 
since, as with human 


11 


mals in a given speci probably show con 


siderable individual variation to methanol 


1s me 
po! on ny 


IT. GENERAL CLINICAL PICTURI 

Previous reports on the clinical picture of 
methanol polsoning have not emphasized the 
difference between primate and nonprimates 
a difference as great as 


Cases The first 24 


two Se parate dis 


nour Liter porsoning 
provided the sharpest contrast in that rodents 
methanol than 


ho ved 


onl ey 


and dogs getting much ie 


lethal 


wherea ail 


the minimum dose severe 


ymptoms ; receiving a 


lethal dose might have no symptoms during 


the first day except questionable mild in 


toxication 


lhe general clinical picture seen in vari 


ous rodents and dogs was essentially the 


same. In addition to the animals reported 


in this paper, our report of clinical finding 


is also drawn from previous work™ using 


hundreds of mice given methanol intraperi 
toneally 
might be 


In nonprimates 1 expected 


from the higher lethal doses, nareo IS Was a 


predominant syinpton uall n ibout a 
half hour to an hour ifter oral administra 
tion of methanol (le when viven intra 
enously or int iperitoneally ) wmtoxication 


occurred, as evidenced by varying degrees of 


itaxia and hypermotility plu alway i 


change in mental status toward marked hap 


Pre Vioustiy vicious 


piness and amiability 


dividuals could be extensively handled with 


out glove 


OF METHANOI ‘5 


From about an hour to several hours after 
administration of methanol (dependent upon 


the dose as well as the route of administra 


thom), the became semicomatose o1 


comatose Semicoma was considered to be 
present when no spontaneous motion o« 
curred. Coma consisted of progression to 


lasted 


lengthy 


absence of response to pain. Coma 


from several hours up to four days 


were kept open and survivors of 


comatose states deve lope dl « Xposure keratitis 
Most deaths occurred without recovery trom 
In general, the 


emicoma or coma picture 


was One otf ¢ irly onset of severe svn ptoms 


continuing unabated (no latent period) until 
death 

In contrast, rhesus macaques re icted climi 
cally to methanol just like humans. Below a 


lethal dose, and occasionally with one, they 


did not vet very mtoxicated o1 show any 


other symptom Usually with a 


lethal dose 


most every 


my 
occurring 


monke nebriation showed al 


yndividual variation 


Ly 


vhich can be seen m intoxicated humans, 


ithough increased amuability was not ob 

semicoma appeared on the first day only 
n the monkey getting over two and one-half 
lethal 
12 hour 


Phe morning following the administration of 


dose and dying 


times the 


probably around after methanol 


methanol usually found the monkey ap 


parently normal. This was identical with the 
latent period in human 

Later on in the second day, monkey pull 
on chain, which had been slightly diminished 


had 


ayvam 


during inebriation but recovered the 


morning after, would weaken, The 


resistance exerted by a monkey to a pull on 


his chain was a surprisingly good index of 


his physical well bemyg Pull on chain pro 


rressively weakened in fatal case Ieventu 


illy, the monkey became ch enough to le 


dk Wl during day ivht in the presence al 


Semicoma wa een only shortly 


Death 


humans 


to death occurred from respi 


prior 


failure 


ratory 
According to the 


literature, humans react 
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to methanol in the same way as monkeys 


EXAMINATIONS 


Pupillary changes and exposure keratitts 


were mentioned in our review of the litera 
ture. With the onset of narcosis in non 
primates, occurring an hour or so after 


poisoning, pupillary changes sometimes 0 
or without 


to 


curre d mydriasis or miosi 


sluggish and sometime absent reactions 
light 


alway S open; 


coma eyelids were almost 


During 


and. when coma lasted about 


a day or longer, exposure keratitis, se 


ondary infection and corneal opaciheation 


frequently occurred. Two monkeys showed 
dilated, unreacting pupils a few hours prior 
to death. They had 
but they 


Consequently, there can be no certainty as 


slight ophthalmose 


changes, were also semicomatose 


to whether pupillary changes in these mon 


keys were due to toxic amblyopia or to a 


narcotic etlect 
nystagmus was ob 


This 


nately not studied in our monkeys ; however 


Positional horizontal 


served in nonprimates was unfortu 


the literature contains reports of positional 


nystagmus, s milar in character to that seen 


observed humans 


nonprimates m 

by me thane! and ethanol ( Me nne,’* 

(aorman Meyer zum Gottesberge™ ) 
Some authors briefly mentioned the ob 


servation of nystagmus m nonprimates after 
higher 
che 


poisoning with methanol and with 


veloped usually about a half hour after ad 


nvstagmus 


ministration of methanol during the mtox1 


cated stage It was usually only 


with the animal's head in the lateral position 


present 


When occasionally present in other positions, 


it was more severe in the lateral position 


At first the quick component of the hor 
zontal nystagmus was always down with the 
animal's head in the lateral position, Dura 


tion from several hours to two days 


When it persisted for a day, after the first 


was 


dav in a few instances the quick component 


of the horizontal nystagmus was up when 


the animal's head was in the lateral position 
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No monkeys showed nystagmus in the erect 
position, but none were exal ned early m 
the lateral position 

Repeated ophthalmoscopt examination 
were made only on monkeys, dog incl the 
rabbits receiving methanol by gavave ( 
moribund rat was examined; but the ob 
server believed that, although fund ecmed 
normal. magnification was insufficient: for 
certainty 

M velinization of retinal fibers in the rabbit 
makes difficult the appraisal of munor 
change involving the dises However under 
our experimental conditions, no rabbits 


showed any fundus ‘ hange . 


of our dog howed any ophthal 


Nome 


Moscopte chanyes Ihe cise margms of many 


dogs normally appeared fuzzy because of 
tiny irregularities in bordering pigmentation 

[wo out of six monkeys, both receiving 
lethal doses, showed eyeground changes 
One developed a small monocular retinal 
hemorrhage one-half dise diameter tempor i 
to the dise just prior to death and 29 hour 
after administration of 6.0 gm. methanol kg 
The other v ven 3.0 gm kg showed at 25Y 
hours, slight but definite blurring ot the 


and stron ible reti 
At 


dise margins were blurred everywhere except 


temporal disc marg! 
hour 


nal venous engorgement, ©). 
nasally, there wa possible hyp remia of the 
dises, and veins near the dise had a diametet 


estimated to be triple that of the accon pany 


ing arteries. Death occurred between 3144 
and 37™% hours, with no examination mace 
after 31% hours. At the time ¢ eground 
changes were seen, both of these monkey 
were too weak to resist handling ; thus, ther 
was no question of vas ular changes induced 


by neck stricture 


IV. Aciposis STUDIES 

\. Rats 

Nine white male rats of similar ages wer 
given 9.0 gm. of 50-percent methanol/kg 


approximately the rat oral LD Bloods 


each time in three animal 


were obtained 
at 


27. and 47 hours after administration 
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60 
CO, 
50 
NORMAL RANGE 
VOLS. % O, 
40 0 
30 
DIED 
20) *e 
10 
JONT ROL 
8) 20 30 40 50 60 
HOURS AFTER MI THANOL 
| (Gila ime course pl wcapacity in rabbit 
tter /.0 methanol 
of methanol. Their CO,-combining capaciti to say here that none showed severe acidosi 
ranged from 47 to 8O vol. percent following methanol 
In tour rabbit experiments, 70 aie 
3. Rabbit methanol/ky. was given by gavage to un 
Rabbits were found to be ery poo! sub anesthetized anual and 1.0 to 2.0 «x blood 
jects for acid tucdis There wa » tre ample s were drawn, One ot these rabbit 
mendous variation in normal CO,-combining receiving a higher concentration than the 
capacity, not only between different anima tthers, died in le than 20 hours which 
but also in the wme rabbit over the course might not have allowed him sufficient time to 
of control per ods lasting up to three weel le velop a dos) 
Our rabbits had a normal variation from 19 lhe CO,-combining capacity determina 
to 56 vol. percent.* Our five experiment tions obtained on the three remaining rabbit 
using anesthetized rabbits and drawing re are shown in Figure 1. The lines begin in 
peated 5.0 to 10 ce. blood samples are re the control pe 1 at the mean normal CO, 
ported only in the table In addition, combining capa ty for each animal. Metha 
these « xp ents lasted ke than eight hour nol produced no values |e than the normal 
vhich probably did not give sufficient time rabbit range. The dotted line rabbit howed 
for the development of acido Suffice it 4 Breatest po tmethanol drop from hi last 
normal value immediately preceding admin 
+} ‘stration of methanol of 16 vol. percent; 
nG range rabbit 
My net ‘ renorted hlood whereas he showed a normal variability ol 
loss of 6." three times inside of 24 hours caused 20 vol. percent 
lecrease n rabbit COs, } cal 
reported t ether ised droy the pl ( Dog 
finding of « lerable ir lua! riability in COs, Figure 2 shows our experience with dogs 
It is the same type chart as the preceding 
from unanesthetized 1 p n eight-hour 
neriod. the ‘ one ‘ xcept that our dog showed normal 


open to questior range ot oni 12 ol percent mnonye differ 
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60} 
VOLS. % : 
50) OF VOLS. % CO, oars 


CONTROL 


20 
HOURS 


10 


Fig. 2 (Gilger and Potts) 
after oral methanol 


ent animals, and the variation of an indi 
vidual dog over a period of weeks was in 
significant. Control values, unlike those in 
the rabbit chart, are each from single blood 
samples drawn shortly before the adminis 


of 


doses lower than 6.3 gm 


(our dogs 


kg. are 


tration methanol receiving 
charted 
with narrow unbroken lines.* All of these 
dogs showed toxic symptoms, but their lack 
of acidosis should not be given as much 
weight as in the others. The slight drop 
shown by the 4.0-gm. dog who died is insig 
nificant when compared with monkeys or 
people. The dogs represented by heavier lines 
all received doses which, according to the 
literature, should have killed them. Only the 
dog (line of dashes) who received 8.0 gm F 
kg. His 
lowest CO,-combining capacity was 23 vol. 
percent. The thick solid-line dog, who re 


ceived over 9.0 gm./kg. and died after 24 


and survived, developed acidosis 


hours, maintained a normal acid-base bal- 


ance. 
The possibility occurred to us that dogs 
* In the only sizeable series” of dogs given single 
oral doses of methanol, 63 gm. of 100-percent 
methanol/kg. was found to be the LDw. 


Time course of plasma CO,-combining 
Methanol dose (gm 


30 40 50 60 


AFTER METHANOL 


capacity in dog 


kg.) indicated adjacent to each curve 


as a species might be resistant to the de 


velopment of acidosis. Therefore, one of our 
surviving dogs was given dilute HCl orally. 
his CO,-combining 


Inside of three hours 


capacity had dropped over 20 vol percent 


D. Monkeys 


Monkeys again reacted like humans (fig 
3). Our first monkey receiving 5.0 gm ky 
is not charted because we got only one blood 
the 


our with 


sample due to inexperience 
clinical course of methanol poisoning in pri 


mates at that time. Survival occurred only 


with 1.0 and 2.0 gm./kg. With 1.0 gm.—the 
dot-dash line—the alkali reserve was un 
changed. With 2.0 gm—the solid line—the 


CO,-combining capacity dropped by 24 hours 
to 16 vol. percent and by 48 hours had begun 
This 2.0- 
contrast with our 

The dog, after getting horribly drunk, was 
for 24 He was unable to 
stand for three His CO, 
capacities varied during this time between 50 


to rise ym. monkey made quite a 


7.0 gm./kg. dog 


comatose hours 


days combining 


and 54 vol. percent 
The 2.0 gm./kg. monkey was not intoxi 
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cated. The only clinical finding was question reacted differently in different animals. We 
able impairment in grasp are in entire agreement with Harnack but 

The monkeys getting lethal doses of 3.0, would differentiate mainly between primates 
$0. and 6.0 kg. had CO,-combining and nonprimates. Nonprimates required 
capacities decreased by 24 hours to less than seven or more times the average human 
15 vol percent ; and death followed in all lethal dose. Death occurred in our monkeys 


three cases without recovery from the severe 


acidosis 


( ONCLUSIONS 
I. LeTHAL DOSES 


We the 
lethal doses to be: 


found approximate single oral 


ANIMAI TIMES MEAN HUMAN LETHAL bos! 
1. Rats 9 
2. Rabbits 7 
Dog 
4. Monkey 3 
These doses in rats, rabbits, and dogs are 
comparable to the figures available i the lit 
erature 
Harnack™ in 1912 was impressed by the 
fact that with single lethal doses methanol 
was the least toxic of the al phat alcohols 


ls, whereas in man so 


in experimental anima 
little methanol could cause blindness and/or 


death. From this he concluded that me thanol 


kg.; whereas humans have been 
reported as having survived 2.9 gm./kg.* 
Our series of monkey experiments was too 
to 


obviously 


small get accurate toxicity figures but 


monkey single oral lethal doses 


are of the same order of magnitude as those 


for humans. 


I]. GENERAL CLINICAL PICTURI 


The general clinical picture of methanol 
poisoning in primates and nonprimates was 
that of two different diseases. Nonprimates 


howed severe early intoxication and nar 


COSIS ; lasted until death. Primates 


narcosis 


showed much less intoxication than non 


primates and much less than 


affected by ethyl alcohol They then had a 


primates 


ymptomless latent period followed by sick 
ness and death Narcosis appeared only asa 


terminal manifestation, 


60} 
ome 
VOLS. % 
LO. 
50} 
NORMAL RANGE 
OF VOLS% co, 
3041 
1Oj 
CONTROL 
®) 10 20 30 40 50 60 
HOURS AFTER METHANOL 
Fig. 3 (Gilger and Pott Time course of plasma CQO),-« bining capa in monke ifter oral 
methanol. Methanol dose (g1 kg.) indicated adjacent to each curve 


Ill. Eve EXAMINATIONS 


Early pupillary changes and corneal opac! 
fication following exposure keratitis in non 
primates are considered to be due to the 


effects of methanol and 


central narcoti 
not to toxic amblyopia 

The positional horizontal nystagmus pro 
duced by methanol has only been of passing 
interest to most investigators, many un 
doubtedly overlooking it. Our observations 
have been inadequate to illuminate the mech 


anism whereby this is caused 
Eyeground changes were not seen in non 


primates following methanol poisoning but 


were seen in primates. 


IV. Actposis STUDIES 

Our rats showed no acidosis from metha 
nol. Wide normal variability in rabbit CO, 
combining capacities makes them unsuitable 
for acidosis studies. Under our experimental 
conditions, methanol did not cause acidosis 
in rabbits. Only one dog out of nine experi 
The rhesus ma 
caque usually developed severe acidosis. 

Thus again we found a contrast in that in 
rarely 


ments developed acidosis 


nonprimates acidosis occurred 


severe acidosis de 


whereas in primates 


veloped frequently. 


SUM MARY 


Both the literature and our experiments 
indicate that only in primates is there clos 
similarity in response to methanol poisoning 
with respect to: (1) Levels of toxic doses, 
(2) generalized clinical symptoms, ( 3) clini 
cal ocular pathology, and (4) frequent de 
ve lopment of acidosis 


University Hospitals (0) 
We wish to acknowledge the assistance of Mrs 
C. Stuart in locating many of the papers discussed 
and of Mr. S. Rehmar for translation trom the 
Russian of reference 40 and of Mr K. Kurah: 


for translation trom the Japanese of reference 63 
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TABLE 2 


I. Rats: A. ACUTE ORAL TOXICITY EXPERIMENTS 


Rat 
ment Weight 
No gm 


23 178 
BO 
87 
538 
70 
$47 
$58 
$46 
416 
370 
91 
ws 
91 
$94 
375 
523 
Methanol was given in a 50-percent (by weight) 
solution 
\t 3.0 
gm./kg. increasing severity ol 
9.5 gm./kg. all 
while 


ky. no clini il symptom From 5.5 9.0 
itaxia, no coma. At 
howed severe ataxia and two wert 
under observation. At 11.0 gm./kg 


coma tos 
6 out of 7 were comatos \t 


all had severe ataxia 
14.0 em./ke the rat 
Nystagmus was present in many 


howed severe ataxia and coma 


TABLE 3 


- B. Actposis sTuDY 


Decapi Plasma COs, 
tated at Co 

hr. alter ( 
methanol 


inn 


Fach rat was givena 
methanol /kge. body weight 


two were semcomatos 


and had nystagmus; 


Dosage 
yin 
methanol Results 
kg. rat 
Rat 
Weight 
win 
291 
? 265 
60 
4 294 
5 286 ? 
Ot 
7 323 7 
Pal 294 47 
280 47 
All were severely ataxic 
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FABLE 4 


PLASMA CO)-COMBINING CAPACITY OF RABBITS UNDER 
STHESIA WITH AND WITHOUT METHANOI 


ent solution intravenously, The Van Slyke manometric 
was used for CO. determinations 


Total 
MeOH co ty 
fe MeOH Remarks 
am. ke vol 
am. ke 
0 so.4 Died o5 m after start of experiment 
$1.2 
0 0 5 42 
4.2 Died 25 n after start of experiment 
0 
0 ‘ 45.1 
rT] $2.2 Apnea for 5 min. after MeOH; recovery 
1.5 with artificial respiration. Died 40 m 
0 $1 after at expe nent 
0 4.2 Died 150 m sfter start of experiment 
0 
0 
6 
0 6 
1.4 si9 
0 19.0 Killed $80 min. after start of experiment 
0 
ar 19.0 
1.0 16.48 
1.0 
1.0 
1.0 
1.0 
1.0 
1.6 “47° 
0 
11.6 1 


rABLE § 


»TS GIVING METHANOL BY GAVAGE WITHOUT ANESTHESIA 


USING LAZAROW APPARATUS 


co) Died 
Eye 
ipa hr. after Kemarke 
Vol grounds MeOH 
5.4 Normal \taxia. Comatose from 2-22 he 
s0 N ma sem Matose thereatte intil death 
Normal At pupils unrea 
a 0) t ! m ip reactive 
6.4 Died while sample 4 was being draw 
ws Immediate he i ture. 46 he 
t o Figure average 
samples 4 and 
0 Normal O% Ataxia. Comatose Sh sem 
omatose thereafte until death 
Nystagmus. Had prev surgery 
ob 
Norm 
na 
rs ma Hetweer 
if na SJ and 69 
41.4 Norma \taxia; sem matose from 
a 6 few Nystagm 
411 
N 
$7.5 Het wer Puy ely dilated 
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LABLE 6 
COpCOMBINING CAPACITY OF DOGS GIVEN SINGLE ORAL DOSES OF METHANO! 
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96 lu able to stand. Recovery by 7 da 


2mm 


Normal 10 min ataxia and hyperactivity 

Normal 50 min unable to stand. Nystagmus 
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14.5 5.5 25 42.4 
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VI. THE CLINICAL ASPECTS OF EXPERIMENTAI 
METHANOL POISONING TREATED WITH BAS! 


Areert M. Porrs, M.D 
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Vhere have been a number of deseriptions ried is ended by the onset of dyspnea, a 
of the clinical picture of methanol poisoning — thenia, failing vision convulsions (in some 
in humans." Due to the fact that human cases), coma, and death. The characterist 
methanol poisoning represents a medical laboratory finding in untreated cases during 
emergency, descriptions of any one case are this period ts an increa ngly severe meta 
necessarily fragmentary. However, the char bolic acidosis.” An unidentified organic acid 
acteristics as indicated by a composite of the — has been found in the uri f one ¢: 
published reports are as follows methanol poisoning and has been shown 

After the ingestion of a fatal dose of not to be formic, lactic, or acetoacetu acid.* 
methanol the patient becomes mebriated \ number of writers have emphasized 
though by no means as thoroughly as with the significance ot the acidosis in methanol 
a corresponding amount of ethanol. Fol poisoning and have implied that both 


lowing inebriation in all but extreme doses, blindness and death result from it Phey 


there comes a latent period of six to 24 claim that adequate treatment of the ac ilosts 


hours during which the patient may have a with base saves both life and vision. Al 
hangover but is not otherwise ill. This pe though available statistics solidly support the 
life Saving role of alkali the rapy, there 


* From the Laboratory for Research in Ophthal much question about the effect of acick 
mology, Department of Surger Western Reserve vision and the ability of base to mitigat 
University and the Ophthalmology Service, Uni 
versity Hospitals of Cleveland. Supported by 
grants from the Ofhce of Naval Research and the 


U.S. Public Health Service demonstrated how lower experimental ani 


eve effects of methanol.” 
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FABLE 1 


CLINICAL ASPECTS OF EXPERIMENTAL MI THANOL POISONING TREATED WITH BAS! 


base 
Hr ( apacity (riven 


or 
(vol. gm 


Condition of 


Monkey 1, weiout 4.4 kg 


Very drunk; stands and pull 


Seems normal 


Weak again 
Comatos 
Semicoma tos 


Sits up weakly 
Semicoma tose 
Dead 


Monkey 2, 4.2 
Normal 


Hangover 

Normal but weaker 
Respirations 40 

Active and only slightly weak 


0 


No change 
Normal 


4, 4.0 ky 


$4.2 Normal 
9 Noticeably weak 
13 More energetic 
17 Still energetic 
\lert but weak pupil dilated, contract tepwise 
? Vision 
Peripapillary edema 
7 to 32.8 Progressively weaker, wheezing 
2 Extensive retinal edema blurring of disc margu 
Pupils wide 
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More strength, pupillary reflex returning, peripher 
of fundus no longer edematous ly peripapillary 
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lremor persistent; pupil reacts to light but w Il not 
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Well 
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Living and well 


day 


KX 
3 Eee: on chain but very weak 
0 
22 19.4 0.5 
25 21.9 
28 17.4 0.5 
13.5 0.5 
43 to 37 16.8 5.0 
99 to 41 28.6 2.0 
44 68.5 
50 89.4 : 
70 47.6 
78 50.4 
18 28.2 
21 to 22 19.4 2.0 
26 
28 2.0 
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to 41 20.7 1.0 
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0 
21 
24 
29 
$2 
$5 
37 to 45 
47 
sO 
53 
58 
76 
4 days 
5 days 
6 days 
days 
9 days 
= 66.7 
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to fall flat on his face. This phase gradually 
recedes, and by 15 hours the animal, though 
not lively, sits and eats normally and actively 
resists efforts to remove him from the cage 
During this whole period, eye signs are 
normal and blood base has not changed sig 
nificantly 

tetween 20 and 24 hours, the blood base 
drops precipitously and the untreated animal 
soon dies. If, at the 


hecomes comatose and 


first drop in CO, capacity, an adequate 


amount of bicarbonate is given and the blood 
CO, capacity is kept normal by supplements 
if necessary, then two alternate courses may 
be followed both clinically and in regard to 
Dhese to be 


tuitious, and eye 


eye signs events appear for 


findings seem to be inde 
pendent of the rest of the clinical course 
Clinically the animal may respond well to 
the first base administered, continue to re 
gain strength, and with or without ‘additional 
supplements of bicarbonate become entirely 
well during the second 24 hours (Animals 2 
and 4). 
Alternatively, whether small or large 
amounts of base are required, the animal 
may show progressive weakness, and despite 
normal CO, capacity this lethargy may pro 
gress to coma and death ( Animals 3 and 8). 
Eye signs, too, are apparently independent 
of base required and certainly of degree of 
acidosis Most 


peared in Animal 3. At about the 20th hour, 


extreme eye findings ap 


peripheral retinal edema was observed in the 
the 12 
hours, this edema spread both toward the 
and at 48 hours the 


papillomacular area. During next 
ora and toward the disc, 
entire fundus was edematous 

The fovea was clearly seen as the rhesus 
equivalent of the “cherry red spot.” The 
color was closer to a chocolate brown which 
stood out clearly in the glistening white 
retina. At this time, too, the disc margin 
was perceptibly blurred. 

By 58 hours the whole dise was elevated 
the 


severe papilledema 


and edematous classical picture of 


The edema receded in 


just the reverse order, and by 72 hours the 


M. POTTS 


disc appeared normal. The edema of the 
fundus persisted in diminishing degree for 


another 48 hours but, when the animal died 
on the ninth day, the fundi were essentially 
normal. 

In other animals various lesser degrees of 


the above findings were seen from transient 
retinal edema after 30 hours to more modet 
ate papilledema Transient edema was seen 
Monkeys 1 


the 


in and 2. but was not recorded 


because phenomenon did not persis 
There is no correlation between amount of 
acidosis and eye sympton 

Early in the period of retinal edema in 
the the 


Instead 


pupil 
of 


more susceptible animals, 


shows a stepwise contraction 
contracting smoothly and rapidly the pupil 
the total 


then reaches on 


contracts perhaps one fourth of 


extent, then partly dilates 
half size, then partly dilates agai Thus, in 
four or more steps, the pupil reaches full 


When the light 


same process Océ urs in reverse. 


contraction stimulus 1s 


removed, the 


It is hard to postulate a neurologic mecha 


nism for such happening, but the phene rm 


non has been observe d« nough times to estab 
} 


lish it as real. A similar phenomenon has ween 
observed in hysterics by Lowenstein and 
Friedman.* Of course at a later stage, in 


severely affected animals, the pupil is wide 
and immobile. 

A second phenomenon is the histopatho 
logic finding of patchy demyelimization in 


the optic nerve of an animal nine days 


after the usual dose of methanol combatted 
with base. This is based on examination of 


one eye, and must await further studies for 


confirmation 


wure 
| 


ot 


shows the typical picture 
blood methanol content, urine methanol ex 
cretion and urinary acid production in Mon 
key 3 This is the the 

dramatic eye used 
of 


of 


most 
for 


from 


animal with 
and is 
but 
the 
essentially the same in all animals 


Figure 2 


involvement 


purposes illustration, aside 


severity eye symptoms results are 


shows that by the time of onset 


of eye symptoms, and particularly ot papi! 


VISUAI 


ledema, the blood methanol is negligible and 


most of the urinary excretion of both metha 


nol and organic acid is over. Only a small 
portion of the organic acid een to be 
formic acid. Thus, even the neutralized acid 
is gone before eye symptor become sig 


nificant, and one finds it difficult to attribute 


suk h in etlect to ¢ thet Irie thanol itself Or the 


presence ot neutralized acid 


rt 


cannot play a pa because in 


at 20 hours and 


animals where ba viven 


there is absolutely 


ipated 
Cot 


bining capacity, but 


obse rved 


no fall m CO 


fundus edema neverthele 


Further, if the degree of acido observed 


ignificant im it elf. every dia 
should she 


ptoms. This 


were at all 


betic who oes into coma 


fundus edema and visual syn 


has not been observed to our knowledge 


What 


then, to explain the effects of methyl alcohol 


hypothe available, 


alternative 


on primates? A likely general ¢ «planation 


in the light of our present knowledge is the 


following 
Primates possess (a) a unique enzyme sys 
tem capable of oxidizing methanol to some 


toxic intermediate or (b) possess enzyme 


systems particularly susceptible to the toxi 


intermediate pre duced by all species 


The metabolic defect produced by one of 
these mechanis: has multiple manifesta 
trons (me of the ¢ 1 an etabolu at idosis 


ac id A 


econdary to 


due to the as yet unknown organi 


second is the retinal edema 
which is almost 
acid but 


third is the 


retinal damage ) certainly 
not due to the 


production, A 


is parallel with its 


central nervous 


system depression which in the more af 
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fected animals leads to death. The wide vari 
ation in susceptibility among both monkeys 
and men can be explained on variation in 
either process (a) or (b). 


The 


period now has become obvious It is the 


nature of the characteristic latent 


interval between the end of inebriation and 
the onset of the secondary metabolic effects 
\\ he re 


dramatic, 


untreated, the onset 1s 


dosis 18 
most and with doses of the siz 
(On treat 


until the 


used here death occurs rapidly 


ment with base latency is longer 


onset of retinal edema at about 36 hours 
[he majority of these experiments do not 
fatal In those that do 


fatally death 1s 


have a termination, 


terminate rarely sooner 


than three day 


( ONCLUSIONS 


1. In the certain 
Ie thal 


Im most cases Dy 


monkeys given twice 


dose of methanol, life can be saved 
adequate doses of sodium 
bicarbonate 

2. Despite treatment with base adequate 
to prevent acidosis some animals die, ap 
parently in central nervous-system depres 
sion 

5 Despite the 


treatment with base most 


animals show retinal edema. In some this 1s 


confined to the perimacular region ; in other 
to the entire 


it extends fundus; and in still 


others papilledema follows the fundus 
edema. Regression of symptoms ts in re 
verse order: the dise clears first, then the 


peripheral fundus, the central area last of 


all. 
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DIscUSSION 
De. Zacnawtas Discne: I would like to ask a De. A. M. Por (closing): The formaldehyde 
few questions concermmng the pat illelism betweet was giver ntravenous! We nsice t cle 
the effect of the formic acid and formaldehy le on quate proof that, despite the reat affinit of 
retinal glycolysis and the effect on the retina. It ormaldehyde for tissue t does re the eve 
was not quite clear to me which way the formalde ifficient concentratior ' ‘ e these effe 
hvde and the formic acid were applied. Was it Whereas, we do not postulate that the concent 
intravenously of ubcutaneously or some other tion in molarity i great the eve ‘ 
il solu ‘ , eate 
This has an important bearing, because « bviously the amount given. It is probal much, much ke 
the concentration of these agent n the blood is of and still it ha , drat tic effect 
very great importance, particu irly because the Thi - enificant when one , . 
effects are reversible. In the methanol effect, which , ible site for potential formald | a. 
| or al fe ‘ e fe 
i —— concentration has to reach a certain from methanol in the animal. It means that one 
level for nl a ver hort time, p bly. In the loes not have to make formalde e in the eye 
case ot uch reversible effects, the concentration order for it to react with the eve ‘1 t met ’ 
which is in the blood must be sufficiently high during ld 
the duration of the effect 
uificrent tor cle ou rea the eve 
It is well known that formaldehyde has a very to cause significant eye effects 
high affinity to protems, party ularly blood proteins rl 
e other materia were ve! i | 
It appears with terrifx speed in the red cell by 
- - larvely because of the large volumes requires ‘ 
some combination with the proteins, so think 
methanol dose wa tremendou et 
this 1s an important tac tor m any mterpretation ol 
ill case It is important to em] ze that these 
do ive ot met mol and tort te acre ue i 
Che next question is whether there would be a 
compa! n the minute tor ‘ ‘ ‘ 
dilution of your homogenate I assume you used , 
. 4 that achieved the ime effect 
retinal homowenates of the cation In thi case | \ a ' ' 
tar s minintio ft ON neert | 
think the dilution which you had to go to in prepar : ee a ; 
nub 1 material on the ect pre 
ing the homogenates would be of great importance we ve sonra ' 
usly The worl Dr Pra in W le " NAS 
for the interpretation of these results 
t Ws thant Cit ttect 
also wonder ether you did some experiments presen isin A 
on the effect of respiration hecatse in gener il the n oxidatiot 
respiration 1s much more sensitive to such tox gly olysis W 
Cot nitrate lott ext 
agents of a rather general nature, such a formalcle he tissue . 
hyde or formic acid, than is glycolysis. It would he wa upproxi ely 100 1 ] per 
Warl 1 which was 7.0 cc. t lus 
interesting if you would care to point it out Warburg vessel, wh 
» } work 
De. Davi G. Freminc: In connection with the In regard to the question about antabuse, wor 
methanol-formaldehyde- form wid intoxication, on thi Dr. Gilger also w pu A 
did you consider using mething like antabuse presented at an ¢ rly meeting of t tir 
which would dam up the oxidative mechanism o! \We found at the time that antabuse increased 
the methanol ? iderabl the 1 wit i met nol tor ul 
As far as I know, antabuse prevents the formal ! We consider md we er m 
dehyde from being convert 1 into formic acid upping of the toxic by antabuse is due 1 n 
und there 1s an excess accu ulation of formalde added formaldehyde tactor IpErmMipose 1 on the 
hyde. This would indicate whether your primar) ordinary narcotic effect of the ‘ \nt 1 
toxicity was trom the formalde} yde m vitro of nike me t t we t it 


whether it was from the formic acid 
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Indianaf 


neutral 


ind 


When a 


back ground 


colored figure and its 


fixa 


are equally ul nou 


tion 1s mal ‘ he center, the hgure 
appt irs to 

background 
nor the 


vht 


ive and binocular 


cnon 
with profit be subjected to quantita 


tud ‘ 


MetHop 


been the construc 


The main problem heat 


on of an adequate apparatus for the bin 


tudyv of the liuebmann eftect 


NAL APPARATUS: 


nal apparatu ted of three 
| vation 


(hig 


obset 


reen is viewed 
through two hol which 
Polaroid sheet 


the ir aX 


are placed 
d sheets have 
vht angles to 
left 
ides ; 


pat 


es ot 


each other, I ght and 


} 
onmserve respective 


thus the stimulus ve can be 


ately controlled 


proj 


used in the three-dimensional 
of 
property to 
light 
the 


tor utilize the otropi 
ha 
polarizat on 
In 
sandwich 


If 


set with their planes 


prope rty 


cellophane. Cellophane the 


the 


rotate plane ol ot 


through degree constructing 


cellophane d between two 
Polaroid 


Polaroid 


of the two external 


ol are 


BINOCULAR PERCEPTION* 


STUDIES 


AND ScHLAEGI M.D 


Indiana 


ot polarization *") degrees from each other, 
light bn the 


will rotate the plane ot polarization 


will transmitted, sinee cello 
phane 
from the position of the first to that of the 
Polaroid filt lf the 
Polaroid set at 


50 percent of the incident light 


econd two external 


pieces ot are 15 degrees to 
each other 
is transmitted through them. Colored cello 
phane was used between the two pieces of 


This colored 


visual mateh until 


Polaroid to produce the figure 
cellophane was rotated by 
it also transmitted nearly 50 percent of the 
incident light. Thus, both figure and ground 


were made as equally luminous as possible 
With this original appartus two variables 
slides the 
Phree equilateral 


16, 32, 


were studied. In one set ot ize 


of the figure was varied 


red diamonds < 


had visual angles of 
The 
ground size 
Phe slice 
the largest ground was the 100-percent slide 
Phe lides 


percent percent 


and 52 degree : respectively econd set 


three slides 


figure was kept constant 


varied the while 


with 
other two size, SO 
of 
projected images 
4] by 
Phe figure 


ubtended 


had a ground 


and 25 of the size the 


largest one. The respective 
were approximately 56 by 57 degree 


degree by 31 degree 


a red celloph ine cre le which 


s, and 25 
wa 
an angle of 16 de pree 


room Was 


level of darkne in the experimental 
far below the photopr threshold 
shielded from light es 


and the subject wa 


caping from the apparatu 


BJECTS 


There 


between the 


subject ot both ome 


were 
and 35 year Nome 
reading and all but 
had 
This individual 
childhood 


xperiment did 


one 
rouble with 
had had 


her result 
differ 


ver having 


no 


trouble nee and on 


the following not 


Ci 
ive 
: 
| 
mam part 
post; (3) three-dimensional projector Hi 
1) 
CNC 
slid 
piece 
> U 
pieces 
* hr the Department of Ophthalmology, Indi 
na Sc hor Me re This imvesti 
vation ipported by res vrant (1-86) wore gl 
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Polaroid Cc 


Eye 


Fig. 1 (Orza k and Schlaegel). Schematu diagram, s 
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Light bulb 
Polaroid A 
Cellophane 


Slide 
Polaroid B 
Projection lens 


howing the path ot p larized 


light from the light source to the eye 


significantly from those of the other sub 
y 


jee ts 


PROCEDURE 


conditions, as m a 


Since the Liebmann effect was to be stuc 


ied 


stereoscope, it 


binocular 
necessary to check the 


under 
was 
fusion of the subjects. This was done with 
* If the subject could pro 


the first three cards without 


the Orthofusor 
perly perceive 
difficulty and the last two with some dith 
was considered suitable By the 


culty, he 
the subject was dark 


use of red goggles 
adapted for 20 minutes during which inter 
val he was instructed that he would be re 
ate on the center of the figure, 


quired to hx 
and that he 


that the figure would change, 
should report all such changes. 
A test slide was shown for three minutes. 


During this time the subject's oral responses 


were recorded by the experimenter to 


*Manufactured by Bausch & Lomb Optical 


Company 


test further his eligibility as a subject. After 
this trial presentation, the subject was told 
to put the goggles on again and relax his 
eves. A five-minute interval was allowed be 
tween slides. During this period the subject 
was told that he would be shown more slides 
which would change as did the previous one 
He was to press one t legraph key for pat 

changes and key for total 
(hese keys activated an Esterline 
the center of 


tial another 


changes 
Angus recorder. Fixation im 
the figure was again emphasized 

The subject was then shown the second 


practice slide, after which he was allowed te 


rest for five minutes Next, the three stimu 


lus slides were presented for five minutes 


intervals between 


each with five-minute 
them. After each presentation the subject 
was asked to report on what he had seen 


while viewing the slide 


RESULTS 


were divided into three 


The 


mses 


/ 
| A) 
4 
a 
| 
{ 


classes: 
1. Complete disappearance ot the figure 
2. Partial disappearance of the figure. 
3. Reappearance of the figure 
We recorded 
and appearances occurred, how 
od of five 


when the disappearances 
frequently 
they occurred over a pet minutes, 
and how long the figure was present or ab 
sent. 


Figure 2 demonstrates that the diamond 


figure disappears partially more frequently 
than it disappears completely. It also demon 


larger the diamond the more 


strates that the 
disappears \l 


frequently it completely 


though there is a similar tendency for the 


diamond to disappear partially the larger it 


is, this was not statistically significant 
In Figure 3 we can see that the larger the 
diamond the longer it remaims inv! ible 


Partial disappearances last for longer times 
total Partial 


pearances last for longet periods as the size 


than disap 


disappe arance 


of the diamond increases but this is not 
statistically significant 

In Figure 4 we can see that the diamond 
always disappears partially before it disap 
pears completely. The larger the diamond 
the more quickly it disappears. Partial disap 


pearances also occur more quickly but this 


‘ 


io 
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DIAMOND SITE Gee 


Fig. 2 


(Orzack and Schlaegel). Frequency of 
partial and total disappearances during a five 
rninute period Tunect lia nd 


pl tted points are the meat or hye 
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Fig. 3 (Orzack and Schlaegel) Duration of total 
nd partial disappearances during a five-minute 
per od i 1 tunction ot diamot | ive | ‘ ple tted 


points are the mean lor six ibjects 


is not statistically significant 


Summarizing the results of this fi 


periment, we can say that the Liebmann 


effect 1s 


enhanced ny an 
the figure. The larger the 


increase in size of 
figure the more 
quickly and the mor frequently it wall dis 


appear and it remains inv! ible for a longer 


period 
In our second experiment we u eda red 
cise ot constant ‘Ai but varied the S176 of 


the ground. As the size of the ground 1s 


increased the figure disappear less fre 


quently (fig. 5). As the size of the ground 
is increased the figure remains invisible or 


disappears totally for a 
tend to last for a 


horter time, but 


vartial d ippearance 


longer time (hig. 0) 


(OMMENIT 


Che enhancement of the Liebmann effect 


with increasing size of the figure may be 


explained by decreased visual acuity and 


T ] 
t | 
+ | | 

PART AL EAPANCE 
4 + + 
| 

= + | 
| 


MARESSA HECHT! 


o* + + 
4 20 

Fig. 4 (Orzack and Schlaegel) Time of first 


partial and total disappearance as 4 function ot 
diamond size bach pomt repre sents the mean tor 


six subjec ts 


+ 
TOTAL 

© 

tor 

Fig. 5 (Orzack and Schlaegel) Frequencies otf 
tutal and partial disappearances during a five 


minute period are plotted as a function of the size 
of the field. Each point represents the mean for six 


subjects. 
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+ 


a 


total and partial disappearance luring a_ five 
minute period are plotted as a function of the siz 
of the field. Each point represents the mean fort 


six subjects 


retinal adaptation.* With the larger diamond 
figures the subjects reported difficulty in 


seeing the entire figure at one time It was 


ditheult to perceive color in the outer por 


tions of the figure. Since the border le 


tween the figure and ground ts one o! color, 


not intensity, and since visual acuity 1s 


basically an intensity discrimination, visual 


acuity is near zero. In addition, as a result 
of steady fixation in the center of the figure 
retinal adaptation or fatigue occurs Both 
poor visual acuity and retinal adaptation 
work together to cause a disappearance of 
the figure. Since the visual acuity 1s reduced 
as the figure is made larger, the figure will 
disappear more quickly, more frequently, 
and will remain invisible for longer periods 

The lessening of the Liebmann effect by 
an increase in size of the ground may b 
explained by the principle ot border inhibi 


tion. Fry and Bartley’ discovered that an 


4, ] 
] 
| | 
‘ 
6 (Orzach nd Schlaegel) Duratior ol 
| | 


PHI 


inhibits the discrimination 
With a lares 


only the 


outside border 


of a test patch ground the 


subject sees inner border made by 
the figure and ground. The outside borde1 
of the field, while visible, too peripheral 
and therefore does not 
As a result 
in the pro 
The influ 


reased as the 


to have much effect 


inhibit the borders of the figure 
only retinal adaptation is active 
duction of the Liebmann effect 
ence of border inhibition is in 
ground is made small Phe figure 

pears more frequently becat the effe 


bn rel I 


adaptation 


inhibition ts 


The present apparati was developed in 


ving deficien 


the original set-uy (1) The sereen 


equally hun 
surface be 


ause the projecto produ ed a 


hot spot in the center hange in the 


size of the hgure of 


It has 


series 


yrou a require a series 


been i ssibl to make 
such a 


able to be studied 


identical excey for the vari 


The present apparatus di: 


Figure 7. The light source 


BMANN 


EFFECT 


Glass Plate 


| Three Dimensional Diagram of Apparatus 


trough frosted 
evenly. The light 


oid filters a before 


vila vhich disper es it 


then passes through Polat 
erecting lense 


light 


dense and transmit the to field lenses 


which refract the light to parallel ray i hus 
The 


hort 


appeal to at 


erecting lenses may be moved within a 


space change in size of the 


to produce al 


ive. Change in luminosity are accom 
pli hed by neutral-tint Wratten filters placed 
heht 


behind the 


m front of the ource 
Polaroid filters j 


hyeht tight box, the 


Ihe area 
closed im a ol 


livht bulb 


Thus, no light other than that through the 


vhich serve as a she ld for the 


lenses is visible to the subject. The area visi 


to the subject is about 30 devrees in 


diameter, which i le than that of the 


original apparatus but still sufficient for a 


tudy of the variables in which we are 


interested 


AND CONCLI IONS 


and ground phenor enon known 


iicebmann etfect wa tudied binocu 


by using a stereoscopic projector and 


hary filters 


Ihe following tentative conclusions can 
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be drawn from this study : 

1. The larger a diamond figure the more 
quickly it disappears, the more frequently it 
disappears, and the longer it remains in 
visible. 

2. The larger the ground, the less fr 
quently a dise figure disappears. 


SCHLAEGEL, JR 


3. Partial disappearance invariably pre 
cedes total disappearance 
An improved apparatus will be used in 


future studies. 


Indiana University 
M edi al Center 
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DISCUSSION 


De A. Brecner: I was very much 
interested in this paper by Dr. Orzack and Dr 
Schlaegel, and I think the work pre ented 1s a 


very fine contribution to an exact evaluation of the 
Liebmann effect 

There are two questions I would like to ask Dr 
Schlaegel. First of 
in final form, might it be advisable to present the 
ground in the 


all, when he presents his data 


size of the figure as well as the 
angles of vision, instead of just size in centimeters 
or some other unit ? 

Secondly, I missed entirely seeing any connection 
between this phenomenon as described and binocular 
Actually, I effects 
could be obtained, if I am not mistaken, in monocu 
lar vision. It is this, 
because the title of the paper indicates a contribu 


which I 


perception believe the same 


very important to stress 


tion to binocular perception, cannot sec 


(clo ne) Che 
urriedly 


SCHLAPGEI sizes in 


De. T. F 
dewrees were given, and I mentioned them 


Perhaps it would have been better to have shown 
are in the final 


this not being a 


them on the slide also, but they 
You are 


inocular 


paper 
correct about 


wor ls, the 


entirely 


! study. In other ume thing 


would occur with naked vision or with one eye at 


thing we have attempted 


und to wet ta 


1 time The maim 


is to ce velop an a 


pparatus 
of work. TI 


this type at was what took t 
time 

This is a preliminary report, and 1 entitled 
We feel we have it more or less set up now s0 
that we can go ahead and do binocular studies in 
the future, and we feel that our main contribution 
is the apparatus and getting ready for 1 iking 
future studies along the lines ot binocular percep 
thon 


THE BREAKDOWN OF GLUCOSE 

IN THE BOVINE 
M.D., 
Neu 


ZACHARIAS DISCHE, 


It has been previously reported’ that even 
the epithelium, the beef 


after removal of 


lens capsule in vitro breaks down ribose 


contained in its nucleotide fraction under 
aerobic as well a inaerobic conditions As 
ribose in the nucleotide s substituted on 
its Carbon 5 by phosphoric acid, it was rea 


sonable to assume that its breakdown fol 
lows the pathway which was established for 
the breakdown of ribose-5-phosphate? in 
other tissues. This pathway consists of the 
transformation of ribose-5-phosphate inte 
a mixture of hexose-6-monophosphate and 


fructose-1, 6 diphosphate 
The fact that it was not possible to dem 


onstrate an accumulation of these fructose 


esters during the breal down of ribose was 


attributed to rapid metaboli of these 


m 
ule The ‘ 


ntermediates im the 


esters by the lens caps esters, on 


the other hand, are also 


aerobic and anae robic bre ike wn of glu 


cose in all tissues, and a priori it Was reason 


able to assume that glucose, which is pres 


ent in the lens capsule , represent the normal 
metabolic substrate of the lens capsule 
In the of 


therefore, the 


present series experiments, 


ability of the lens capsule to 


metabolize glucose, glucose-6-phosphate, and 


fructose-1, 6-diphosphate (Harden- Young 


and aerobi condi 


Phese 


extended also to lens capsule from 


under anaerobi 


tions was investigated investigations 
were 
which the epithelium was removed by scrap 


ing. 
EXPERIMENTAI 


MATERIAL AND GENERAL PROCEDURES 


Cattle eyes from animals 18 to 30 months 
the 
house. The eyes were removed a short time 


after killing of the animal, 


of age were obtained from slaughter 


were transported 


pac ked in ice to the laboratory, and were 
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LENS CAPSULE* 


y 


anp G. Eurticu, Pa.D 


rk 


immediately dissected. The preparation of 
the lens capsules and removal of the epi 
thelium were carried out as previously re 
ported 

In the experiments in which the epi 
thelium was not removed, the whole capsule 
was used after the fibers were removed as 
carefully as possible. In those experiments 
in which the epithelium was removed, only 


the anterior capsule was used 


Every capsule was spread on a micro 
scopic slide which, in order to facilitate 
better visibility, had been blackened with 


charcoaled paraffin. The capsules were di 
vided into two equal parts as accurately as 
possible. One half of each capsule served as 
a control for the determination of the initial 
the half 
transferred into a previously weighed stand 
ard Warburg vessel of 


Kreb's Ringer solution. Five to 10 halves in 


value of sugar, while other was 


containing one c 
pooled batches weighing 100 to 200 mg. were 
used for every experiment 

In experiments in which no substrate was 
added to the capsule, the control halves were 
centrifuge tubes containing 


transferred to 


one ce. of Kreb’s Ringer solution and im 
mediately deproteinized by adding a volume 
of 100-percent trichloracetic acid sufficient 
to make the final concentration five percent, 
while the experimental samples were imeu 


bated for two hours in a water bath at 37° 


under vigorous shaking in an atmosphere 
of pure oxygen or nitrogen, which gases 


were previously bubbled through the Kreb’s 
Ringer solution used for the experiment 


At the end of this time, the experiment was 


* From 


} 


logy, Ce 
and 


Department of Ophthalm 
College of PI 


the 


University ians 


Surgeons, and the Institute of Ophthalmology, 
‘resbyterian Hospital. This work was performed 
inder Contract AT-30-1-Gen. 70 of the Atom 
Energy Commission 
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interrupted by the addition of 100-percent 
trichloracetic acid to bring the final concen 
tration to five percent and the sample was 
left standing overnight 

Next, an aliquot of the trichloracetic-acid 
filtrate in the Warburg 
centrifuged, together with the control sam 
the Warburg 


five-percent 


manometers Wwas 
ple. The protein residue in 
then mn ed with 


il 


vessels was 


trichloraceti into the corresponding 


residue of the experimental sample in the 
centrifuge tube, centrifuged again and nitro 
gen determinations were made from the 
total residue of this sample as we ll as of th 
control. In some experiments substrate was 
added to the suspension fluid of the expe ri 
mental sample In these cases, the control 
sample (without any added substrate) was 
not deproteinized immediately, but was in 
same conditions as the 


cubated under the 


expe rimental sample 


ANALYTIC PROCEDURES 


Glucose and glucose-6-phosphate were de 
termined by two different methods, namely 
the anthrone reaction® and the cysteine sul 
furic acid reaction for hexoses * These two 
were in satisfactory agreement 
6-diphosphate 


cysteine carbazole reac 


reactions 
Fructose-1, was determined 
as fructose by the 
thon pre viously described, and as hexose by 
the cysteine sulfuric acid reaction of hexo 
ses. Duplicates were taken for every deter 
mination and an internal standard was used 
throughout. Lactic 


out by the 


acid determinations were 
Barket 


method,* nitrogen was determined by micro 


carried Summerson 
Kjeldahl, and inorganic and pyrophosphate 
I’ by the me thod of King ° 


RESULTS 


BREAKDOWN OF GLUCOSI AND FRUCTOS! 


PHOSPHATES BY THE LENS CAPSULI 


In a first series of experiments, the break 
down of glucose-6-phosphate, and of frue 
tose-1, 6-diphosphate have been examined 


These sugar esters were added to the sus 


DISCHI 


AND G. EHRLICH 


pension fluid in amounts which corre 


to 40 ug. of glucose and 30 wg. ot 


sponded 


tructose respectively Under these condi 
tions the loss of sugar caused a de ition of 
readings in the determination which was 


optimal as far as the accuracy of the deter 


mination was concerned 
The results « f these experiments are listed 
in Table 1. As can be 


bre ak do \ 


seen, the lens capsules 
n both esters with a similar speed 


observed 


and no difference in the rate was 

between ae rob and anae robic ¢ ments 
It can be also seen from the table (exper 
ment 26) that addition of monobromoace 


tate, in ce M/100 and M/40 
NaF, inhibited almost con pletely the 


the estet rh 


neentration of 
urea 


down of finding indicat 


that the breakdown follow the pathw i\ 


known from other tissues, and involve 


formation of triosephosphate and its oxida 


thon by triosepho phate d lrogenase 


The acid in these 


experiments did not provide a definite an 


enye 


determination of lacti 


to the end-product of the breakdown 


a5 

of the sugar esters because of the high in 
tial level of lactic a id in the lens capsule 
which, in our experiments, was about 100 


gamma/l00 mg. wet we ight of the capsule 
Under these ulation of 
lacti could 


amount to more than 10 pe reent of the im 


conditions the accun 


the sugar esters not 


acid from 
il 


value, and it was mposs ble to obtain stati 


tically significant results for the amount o! 


lactic acid produced from these esters 


As can be seen from experiment 
hexose-6-phosphate was broken down by 
the capsule even after the epithelium wa 
scraped off as carefully as po sible. The rate 
of the breakdown was somewhat lowet than 


the average rate from four experiments with 
higher 


series ot 


intact epithelium. It was, however 
than the lowest values in the latter 
experiments 

As can bn 


6-diphosphate 1s broken down by the capsul 


seen from Table 2. fructose 


the same rate as glucose-6-phos 


as the breakdown of the total 


at about 
phate, as fat 


will 


d, how 


hexose is concerned, It 
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rABLE 1 


BREAKDOWN OF GLUCOSE-6-PHOSPHATE IN BEEF LENS CAPSULES INCUBATED AT 37° ( 


\mount of 


t ( lotal 
experi Weigh lime of Substrate Hexose 
of Lens Phase in Hexose 
ment Incubation Added per used up 
( ips ile Warburg per 
No \ in he py. gm. Capsule ( uh per 
tig ‘ ap ul apsule 
17 441.0 0 (51-6-Phos 124 
321.0 0 2 G31-6-Phos 240 112 
312.0 0 (31-6-Phos 167 448 
315.0 N 2 Gl-6-Phos 187 184 
53° 0 (51-6-Phos 150 
O N 2 G41-6-Phos IS 
19 73.0 4 0 
mM) (41-6-Phos 145 246 6) 
Os 0 ) (41-6-Vhos 140 yo 64 
ts $20.5 N (31-6-Pho 95 70 
471.0 ) ) (1-6-Phos 95 270 0 
$96.0 (51-6-Phos 100 180 
$94 \ir 4 (,1-6-VPho 100 


+M/100 Bromo 
acetate and 


M /40 Nal 


* Epithelium scraped off 


ever, from the last column of the table that capsule varies from 20 to 40 mg. percent. 


the amount of fructose used up was smaller These values are lower than those found in 

than the amount of total hexose. This could the aqueous humor and in the lens fibers 

mean that in these « xperiments the lens cap This difference may be due to changes dur 

sule was also able to utilize its own glucose. ing the preparation. When the isolated lens 

capsule was incubated, no significant de 

BREAKDOWN OF GLUCOSE IN THE LENS CAP crease of glucose in two hours could be 
SULI 


observed in five out of eight experiments, 


The concentration of glucose in the lens nor was any significant breakdown observed 


TABLE 2 


BREAKDOWN OF FRUCTOSE-1,6-DIPHOSPHATE IN BEEF LENS CAPSULES INCUBATED AT 38 °¢ 


Ga \mount of 
wht ot 
Experi Weigh Phase lime of Substrate Fotal Hexose Fructose 
of Lens Hexose 
ment in War Incubation \dded per Used up per wg. /gm 
Capsule per wg./gm 
No burg in he uy. /gm. Capsule per wg. /gm Capsule 
in me Capsule 
Vessel Capsule 
13 387.0 0 Fr-diphos 83 144 
360.0 2 Fr-diphos 157 122 84 
15 309 5 0 kr diphos +40 147 
379.0 2 Fr-diphos 20 4 
4 293.0 2 Fr-diphos 140 185 
280.0 \ir kr diphos 140 0) 


+M_ 1000 Bromo 
acetate +M/40 
Nal 
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TABLE 3 


BREAKDOWN OF GLUCOSE BY BEEF LENS CAPSULES 


102 
Experi- Wet Weight Gas 
ment of Capsules nel 

No. (in mg.) - 

3 a) 288.3 
$31.5 

b) 240.8 Oy 
249.5 

4 a) | 158.0 Or 
$48.0 

b) | 218.0 On 
| 43.0 

§ a) 271.0 
316.5 

b) 223.0 N; 
278.0 

6 a) 02.0 N; 
215.0 

b) | 428.0 
339.5 


when glucose was added to the suspension 
fluid in such amounts that its final concen 
tration was about 30 mg. percent (table 3). 

The fact that the phosphoric esters of glu- 
cose, but not glucose itself, were attacked 
by the lens capsule in every experiment sug- 
gested that the inability of the lens capsule 
to metabolize glucose in the majority of 
cases may be due to variations in its ability 
to phosphorylate glucose to glucose-6-phos 
phate. This suggestion was supported by the 
fact that the adenosine triphosphate which 
is present in the capsule in a concentration 
of about M/2,000, decreases rapidly during 
the incubation at 37°C. The results in Table 
4 show that after this interval of time the 
concentration of adenosine triphosphate 
drops to 20 to 30 percent of the original 
value. 

To test the validity of this assumption, 
we carried out a series of experiments in 
which adenosine triphosphate in the form 
of its neutral sodium salt was added to the 
suspension fluid at the beginning of the ex- 
periment to one batch of halves of capsules, 
while to the other batch which contained 


Time of Glucose Used 
Incubation Glucose in up in wg./gm 
ug./gm. Capsule 
(in hr.) Capsule 
0 419 
2 297 71 
0 324 
2 446 0 
0 402 
2 375 15 
0 380 
2 380 0 
0 356 
2 $12 §2 
0 346 
2 269 96 
0 413 
2 435 0 
0 387 
2 412 0 


only glucose, no adenosine triphosphate was 
added. These samples were incubated at 
37°C. for two hours and the glucose content 
of both was determined. 

As may be seen from Table 5, in four out 
of five of these experiments the amount of 
glucose present at the end of the experiment 
in samples to which adenosine triphosphate 
had been added, was 20 to 35 percent lower 
than in samples without adenosine triphos 
phate. These results support our assumption 
that the seeming inability of the capsule to 
metabolize glucose is only 
to the 
adenosine triphosphate in the stripped-off 


an apparent one 
due rapid dephosphorylation of 
capsule which depresses this phosphate car 
rier to a level at which the significant phos 
phorylation of glucose can no longer take 
place. 

When the same experiments were re 
peated with capsules from which the epi 
thelium was removed, breakdown of glucose 
in presence of adenosine triphosphate could 
be still observed, although here again the 
breakdown was only about half of the aver 


age found in presence of intact epithelium. 
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TABLE 4 
INFLUENCE OF INCUBATION IN PRESENCE AND ABSENCE OF GLUCOSE-6-PHOSPHATE ON THE 
INORGANIC AND PYROPHOSPHATE P OF BEEF LENS CAPSULES AT 38°C, 
P Hydrolyzed 
Experi Wet Weight lime of Substrate Added | Inorganic P in 10 min 
ment of Capsule Incubation per ug./gm | per wg./gm. | by N H,ySO, 
No in mg in hr.) Capsule Capsule per ug./gm. 
Capsule 
29 372.5 0 100 o4 46 
633.0 2 Gl-6-Phos 149 15 
28 440.5 0 0 94 
193.0 2 0 128 11 
$32.0 G1-6-Phos 110 129 15 
$38.0 0 140 11 
DiscUSSION breakdown is the usual glycolytic one; this 
Our experiments indicate that the lens 1s indicated by the speed with which hexose 


capsule of beef is able to metabolize glucose 
under anaerobic conditions; there appears 
at least in vitro, in the turn 
of 
As the lens capsule in two hours’ 


no diffe rence, 


over of glucose in presence oxygen or 
nitrogen 
heating was found to utilize about 10 pl. of 
oxygen under the conditions of our experi 
ment, our data indicate that glucose 1s pre 
dominantly glycolyzed and not oxidized. 
Although it was not possible to establish 
an increase in lactic acid during the break 
down of glucose and glucose esters, there 


can be little doubt that the pathway of the 


PABLE 


ADENOSINE 
IN BET 


ADDITION OF 
GLUCOS!I 


INFLUENCE OF 


Experi lime of 
Weight of Gas ane 
ment Incubation 
No. (in hr 
(in mg.) 
441 5 \ir 2 
491.5 \ir 2 
431.0 N 
166.0 Ny 
34° 0 Nir 2 
0 \ir 2 
35 ; 0 \ir 2 
§2.0 2 
52° 410.0 \ir 2 
400 \ir 2 


* In these experiments glucose was determined by 


phosphate and fructose-l, 6 diphosphate, 
the usual intermediates in the glycolytic 
breakdown of glucose, are metabolized, and 
by the complete inhibition of the breakdown 
of these esters by monobromoacetic acid im 
combination with NaF. 

Finally, the fact that the metabolism of 
glucose by the capsule requires an adequate 
level of adenosine triphosphate, indicates 
clearly that phosphorylation of glucose to 
hexose-6 phosphate is the initial step in its 
breakdown by the capsule. The observation 


that hexose-6-phosphate is metabolized even 


5 


TRIPHOSPHATE ON 
F LENS CAPSULES 


BREAKDOWN OF 


Total Glucose 
Substance Added in Glucose Used up 
ug./gm. Capsule in wg./em. | in wg./gm 
Capsule Capsule 
ATP &.5 151 
0 250 74 
374 
0 24% 146 
Glucose 0,2 3.$ 268 
0 ATP 478 102 
Glucose 0.2 ATP 1.5 258 
0 ATP 253 0 
ATP 1.5 
0 $70 76 
the anthrone as well as the cysteine reaction 
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without the addition of adenosine triphos 
phate does not invalidate this conclusion as 
the phosphorylation of fructose-6-phosphate 
to fructose-1, 6-diphosphate by adenosine 
triphosphate in other tissues (non-nucleated 
and nucleated red cells) was shown to pro 
ceed much faster than the phosphorylation 
of glucose to the equilibrium mixture of 
fructose and glucose-O-phosphate, and to go 
on with sufficient speed even in the presence 
of catalytic amounts of adenosine triphos 
phate. In this respect, therefore, the lens 
capsule does not differ essentially from other 
tissues. 

The rapid breakdown of hexose esters 


suggested the possibility that the ribose-5 


phosphate present in the capsule in nucleo 
tide form may be metabolized in a similar 
way, as was shown to be the case in 
other tissues such as blood and liver. This 
pathway would involve, as was pointed out 
previously, the formation of heptulose-7 
phosphate, triosephosphate, and hexose-6 
phosphate intermediates. However, 
attempts to demonstrate an accumulation of 
either of these intermediates during the 
incubation of the bovine lens capsules were 
negative. 

Furthermore, addition of ribose-5-phos 
phate or adenosine, which in other tissues 
is rapidly phosphorylated to ribose-5-phos 
phate, did not cause any increase in the 
turnover of ribose. Hexose-6-phosphate 
added to the capsule is easily metabolized 
and, therefore, must easily penetrate the 
capsule, It seemed therefore improbable, al- 
though not impossible, that this failure to 
obtain a breakdown of added ribose-5-phos 
phate or adenosine was due to the inability 
of these compounds to penetrate into the 
capsule. 

The possibility had to be considered that 
the enzyme system metabolizing ribose-5 
phosphate is saturated already at the low 
concentrations of this ester present in the 
capsule. This would explain the failure in 


demonstrating any significant increase in the 
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turnover of ribose by added ribose-5 phos 
phate or adenosine. If such were the case, 
the interruption of the glycolytic breakdown 
of hexose-6-phosphate by bromoacetic a id, 
which does not inhibit the disappearance of 
ribose-5-phosphate, should lead to an a 
cumulation of either heptulose phosphate or 
herose phosphate. However, the most sensi 
tive test for heptulose with cysteine and 
and for fructose phosphat 


sulfuric acid," 


with cysteine and carbazole and sulfurt 
acid, failed to detect any amount of these 
compounds formed from the ribose of the 
lens capsule nucleotides in presence of bro 
Therefore, the 


ribose-5-phosphate in the lens capsule prob 


moacetate breakdown of 
ably proceeds on a different pathway. This 
requires further investigation 

Our observations on the disappearance ot 
adenosine triphosphate in the capsule raised 
a question of the extent to which the me 
this 


insofar as turnover is concerned, its 


tabolism in vitro of tissue resembles, 
meta 
bolic activities in vivo. This rapid disappear 
ance of adenosine triphosphate could be, 
in the first place, due to an increase in the 
activity of the dephosphorylating enzymes, 
probably adenosine triphosphatase. An in 
crease in the dephosphorylation of adenosine 
triphosphate after injury is quite common 
in all tissues and reaches almost explosive 
dimensions in such tissues as heart, muscle, 
or nucleated red cells 

The other possibility is that adenosine tr 
phosphate is present in a steady-state due to 
a dynamic equilibrium between the break 
down by adenosine triphosphatase or phos 
phate-transferring enzymes and the resyn 
thesis phosphorylation 


brought about by 


coupled with glycolysis or respiration. In 


this case the rapid destruction of adenosine 
triphosphate in vitro would be due to a sig 


nificant decrease in the metabolic rate or 


its coupling with adenosine triphosphat« 


synthesis as a result of stripping off the cap 


sule. This decrease in metabolic rate could 


concern only the respiratory metabolism, 


GLUCOSI 


as the efficiency of this metabolism, as far as 


phosphorylation is concerned, ts several 


times higher than that of the glycolytic prox 
css 
would have to assume, 


In either case we 


therefore, that the s« paration of the capsule 


from the lens fibers damage 


to its 


causes severe 


structural elements. In this respect 


again the lens capsule shows the properties 
of a living organ highly sensitive to environ 
mental changes 

considerations concern 


In view of these 


ing adenosine triphosphate, the metabolism 
of the nucleotides in the lens capsule appears 
to be most probably a post mortal phenome 

non depending upon the splitting of adeno 
sine triphosphate, and perhaps also of coen 
zymes 1 and 2. As long as these nucleotides 


split, the adenosine 5- phosphate 


ribose 5 


this 


ume, therefore, that 


are not 


which can serve as a source of 


phosphate cannot be split to deliver 
latter ester. We 


in vivo the ribose-5-phosphate in the nucleo 
all or to 


can as 


tides 1s eithet metabolized not at 


a much lesser degree, depending upon the 


continuous presence of small amounts of 
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free adenosine-5-phosphate, which obviously 


cannot be determined at the present time. 


SUMMARY 


1. The adenosine triphosphate in the lens 
capsule of beef is rapully dephosphorylated 
after the capsule is stripped off and incu 
bated at 37°C. 

2. Anaerobic breakdown of glu ose by the 
lens capsule can be obse rved reliably only in 
presence of sufficient amounts of adenosine 
triphosphate 

3. Removal of the epithelium depresses 
the glucose turnover but does not abolish it 

4. Glucose-6 


phate are anaerobically broken down by the 


and fructose-1, 6-diphos 
lens capsule even without addition of adeno 
sine triphosphate. 

5. Ribose-5-phosphate and — adenosine 
added to the lens capsule are not metabo 
lized 

6. The 


the interpretation of the capsular metabolism 


significance of these findings for 


in vivo is discussed 


630 West 168th Street (32) 
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Kronfeld 1928 
demonstrated the ability of the crystalline 


and Bothman’ in first 


lens to produce lactic acid from glucose. 


Since then, fragmentary evidence has ac 


that 
involves intermediary phosphorylation and 


cumulated suggesting lens glycolysis 
the participation of phosphate esters. 
1937 


ability of bovine lens to form acid soluble 


Sillmann* in demonstrated — the 
organic phosphates with the disappearance 
of inorganic phosphate in the presence of 
various sugars. One year later Weekers and 
Siillmann’® observed a 10-percent merease in 


lactic-acid formation by bovine lens in the 


presence of added morgan phosphate 
However, no stoichiometric relationship 


Im reas d glycoly 
the of 


hexokinase, and hexosemonophosphate and 


could be established 


also resulted from addition yeast 


hexosediphosphate were as effective as 
glucose in producing lactx acid 
Miiller* in 1936 showed an increase in 


alkali saponifiable phosphate when bovine 
lens was incubated with fructose diphos 
phate. More recently Palm® and Miller and 
Kleifeld® reported the rapid incorporation of 
P® into acid soluble organic phosphate of 
the animal lens. 

Nordmann and Mandel" detected in the 
lenses of cattle, rabbits, and rats practically 
all of the phosphate esters predicted from 
the Embden-Meyerhof scheme of carbohy 
drate metabolism. The work of Leinfelder 
established — the 
of glycolysis 
showing it to be a heat labile system 


basic 


by 


and Christiansen® 


enzymatic nature lens 


Our knowledge of the carbohydrate me 


From the Research Department, Wills Eye 
Hospital. This work was supported in part by a 
grant-in-aid from the National Council to Combat 


Blindness. 


tabolism of the crystalline lens 1s, indeed, 
Whether the like all 


tissues studied, behaves 


very meager lens, 


other mammalian 
metabolically in accordance with the class 
cal _Embden-Meyerhof scheme to 


be « stablished 


remains 


These investigations were undertaken to 


elucidate the metabolic pathway and to 
establish the intermediary reactions and en 
zyme systems involved in the anaerobic 


utilization of carbohydrates by the crystal 


line lens. The results obtained shall com 
prise a basis for the comparative evaluation 
of the metabolic characteristics of catarac 
tous lenses. It is hoped that such a compara 
shed light the 


biochemical mechanism of the development 


tive study might some on 


of lenticular opacities. 


MATERIALS 


The following chemicals were purchased 
from Schwarz laboratories: barium glucose 
6-phosphate, barium fructose-6-phosphate, 
dipotassium glucose-1 phosphate, adenosine 
5-phosphoric acid, barium adenosine di 
phosphate, and diphosphopyridine nucleo 
tide, chromatographically pure. Disodium 
adenosine triphosphate and hexokinase, dry 
lyophilized powder, were products of the 


Pabst Merck's 


anhydrous. Adenosine triphosphatase was 


laboratories. Glucose was 


prepared according to the methed of Bailey.” 


PROCEDURES 


Solutions of the barium salts of the phos 
phate esters were prepared by pre ipitating 
the barium in dilute HCl at O'¢ 
with 0.5M K,SO,, neutralizing with dilute 
NaOH, and removing the BaS(, by cen 


solutions 


trifugation and decantation. All 
wherever possible were adjusted to pH 7A. 


METABOLISM 


Phosphate was determined by the method 
Fiske as modified by 


Lohmann and Jendrassik."' 


of and Subbarow’® 
Labile phos 
phorus (7’P) was determined according to 


the procedure of Lohmann" at 100°C. and 


in N HCl 
Lactic acid* was determined according 
to Barker and Summerson'® as described 


by Umbreit.'* Adenosine-triphosphatase a 
tivity was assayed in the presence of 1.85 ml 
O.1N_ tris-( hydroxymethyl ) 


buffer, pH 7.4; 0.15 ml. 0.018N CaCl; 0.5 


nino methane 


ml. adenosine triphosphate solution con 
taining 387 pg. 7’7P. At 37°C. 0.5 ml. of 
enzyme solution liberated 150 pg. of im 
organic phosphate in 10 minutes. 
PREPARATION OF LENS EXTRACT 

Colored rabbits between 20 and 30 days 


of age and weighing between 0.75 and 1.0 
lb. were killed by the injection of one to 
two ml. of veterinary nembutal directly into 
the heart. Both of 


enucleated immediately 


each animal were 


death 


eyes 
and 
placed in a beaker surrounded with ice 

T he lenses were exposed by dissecting 
through the sclera, as described by Kinsey,’ 
of 


fo ke ws, 


and removed free vitreous humor and 
care being ex 


the 


while the lens was in 


extraneous tissue as 


ercised to avoid touching lens tissue 


with any instrument 
place atop the cornea, vitreous humor was 
drawn off by aspiration through a capillary 
tube connected to a H,O aspirator. With a 
small muscle hook the zonular attachments 
were severed leaving the lens attached only 
in one narrow By carefully drawing 

the the 
may be suspended by the attached zonules 


Any 


usually collected as a drop on the lower tip 


spe it 


the scleral flaps over cornea lens 


residual aqueous or vitreous humor 


* The source of Ca(OH). was found to be of 


riti portance Baker both U.S.P. and 
An il Reagent grade S, gave inaccurate and 
nonmre ducible re ults Instead of the character 
istic blue or violet color, a green coloration formed 


(OH). from Merck, Mal 
Fisher all 


with these materials. ‘ 
Harshaw, 


equally 


linckrodt, and were 


satistactory 
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of the lens and could be removed by touch- 


The 


attachment was cut permitting the lens to 


ing it with gauze. remaining zonular 


drop into a chilled beaker. The entire pro- 
of the 
enucleated required not more 


cedure removing lens from an 


eve usually 
than two to three minutes 


The weighed lenses (average weight per 


lens, 120 to 150 mg.) were transferred 
to a chilled Potter-Elvehjem homogenizer 


smooth yp stle? and 


KCL (0.154M) 
(0.154M) were added to give a 


equipped with a 
suthcent 
NaHCO 


final concentration of one lens 0.5 mil. total 


isotonic and 


volume, and a pH between 7.5 and 8.04 


Homogenization! was conducted in the 
cold and was completed in about one minute 
with complete disintegration of the lens 


tissue. The homogenate was centrifuged at 
4,000 rpm at 0°C. in an International Re 
frigerated Centrifuge, Model P?’R-1, for 10 
minutes. The resultant opalescent superna 
free of 


amined microscopically. 


tant was cellular debris when ex 


X PERIMENTAL 


All incubations were conducted in a War 
burg apparatus at 37°C., initial pH of 7.4 
to 7.6, and in a total liquid volume of 1.2 
to 1.7 ml. All vessels were gassed at room 
temperature with 95-percent N, to 5-percent 
CO, for 10 minutes and equilibrated in the 


thermostatic bath for 10 minutes, during 
which time all glass-stoppered joints were 
tightened. The manometers were set at 15 


and the contents of the side-arm tipped in 
at 


trols for zero minute values, as well as suit 


0 minutes, unless otherwise noted. Con 


tLens tis not disintegrated 


stle 


sue WAS completely 


when a with wrooves or teeth was used 
t The dry weight 
Thus, for example, 20 lense 
lens, 138 mg., contained 1.97 ml 
a 1 669 ml. KCI and 134 ml 
total volume of 10.0 n 
§ Objectionable foaming was 


the mixture during 


was 20 percent 
per 
was 
ior a 


content per lens 
erage weight 
To thi 
dde NaHCO, 
avoided by not lift 


the ho 


ing the pestle out ot 
mowemzation After homowemzation was com plete 
the pestle was slowly removed from the mixture 
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able blanks, were run simultaneously in the 
given experiment. 

Reactions were stopped or deproteinized 
with 0.2 ml. 40-percent trichloracetic acid 
either added from the side arm or pipetted 
into the flask that was removed and chilled 
at the end of the incubation. In either case 
the contents of the flask were made up to 
10.0 


acid, 


with trichloracetic 


protein 


mi, 
the 
broken up with a glass rod, and centrifuged 
at 0°C, for 10 minutes at 4,000 rpm. 

The clear colorless supernatant was used 


five percent 


precipitate thoroughly 


for analyses. Wherever extract values were 
necessary an aliquot of the original extract 
was treated similarly. 


All values are calculated on the basis of 
100 mg. dry weight of lens tissue. Basic to 
the concept of a phosphorylating mechanism 
is the disappearance of inorganic phosphate 
in the progress of the reaction and the in 
terdependency of the two phenomena. This 
relationship is strikingly demonstrated in 
Figure 1 and in Table 1. Thus, while the 
rate of glycolysis, as measured by the rate 
of evolution of CO, from NaHCQ, buffer, 
slowed down after 40 minutes in the absence 
of added inorganic phosphate,* the rate was 
maintained constant for at least 120 minutes, 
phosphate was 


when sufficient 


present at the beginning of the reaction. 


morganic 


* The concentration of inorganic phosphate per 


mil. of lens extract was from 04 to 0.5 pM 
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Fig. 1 (Green, Bocher, and Leopold). The effect 
of phosphate upon glycolysis 

The main compartment of each flask, « xcept the 
blank, contained 1.11%10°M glucose and 1.0 ml. ot 
lens extract equivalent to two lenses (dry weight, 
85.8 mg.). T.V. 1.1 mil. In additior e 
blank, containing 0.1 ml. O=.1 ml 
+ —+4 0.1 ml. O.1M PO, solution (4.2 
X<10°M. final concentration): 0.1 ml. 0.1M. PO, 
solution added at 60’ as indicated by the arrow 
(final « 40x10°M in a total 
of 13 ml.); 0.1 ml. solution 
added at 60’ as indicated by the arrow (final cor 
208%10°M in a total volume of 1.3 


oncentration, volume 


centration, 
ml.) 


The same effect was achieved by tipping 
the the addi 


tional inorganic phosphate after the rea 


in from side-arm of vessel 


1 


CORRELATION OF LACTIC 
INORGANIC 


ACID FORMATION WITH CQ» EVOLUTION AND 
PHOSPHATE DISAPPRARANCI 


uw Moles in 90 minutes 


Substrate CO, 
Glucose 3.46 
Glucose + PO, 4.72 
Glucose + PO, (60°) 
Glucose + ASO, (60°) 6.80 
Blank 1.09 


The same conditions as in Figure 1. 


Lactic Acid Inorganic Phosphate 
1.00 0.89 
4.52 3.70 
5.90 
7.00 
0.46 +090 
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had 


indicated by the arrow 


his 


in Figure 1 


thon slowed down addition, as 
restored 
The eftect 


even 


the glycolysis to tts original rate 
of the addition of arsenate was 


fact that the 


more 
pronounced and confirmed the 


conditions 


limiting factor under thes« was 
inorganic phosphate.* 
Since the evolution ol ct ). from 


NaHCO 
of the extent of production of lactic a id, 
the mically. It is 


is not always an accurate measure 


rmined che 


that 


latter was dete 
from lable l 
lationship obtains between the CO 


acid 


reaction mixture 1s 


clear a quantitative re 
evolu 
the 


fortified with 


tion and lacti formation when 


adequately 
inorganic phosphate; on the other hand, in 
added 


much more CQ. (3 


the absence of morgan phosphate 
! times) than lactic acid 
Table 1 


correlated 


is formed.’ It is also clear from 


that the formation of lactic acid is 


with the disappearance of inorganic phos 


phate. 

When glucose-6 phosphate or fructose-6 
phosphate is substituted for glucose as sub 
strate, than a doubling of the initial 


more 
rate of formation of lactic acid occurred and 
of almost 


is shown in Figure 2 


in 120 minutes 
This 


Capra ity 


an overall increase 
two-fold resulted 
This difference 


strates to produce lactic acid 


of the two sub 
indicated that 
onopl osphate? 


factor \s 


hexosen 


the formation of 


from elucose was a rate iting 


suming that glucose is converted to glucos 


6-phosphate by the lens according to the 
classical reaction, 

He xokinase 
Glucose + ATP > (slucose-6-PO. + ADP 


this difference could be attributed either to 
* Meverl = ha hown that the iddition of 
irsenate te yeast and muscle extr is per itted 
y to proceed without the accompanying 
uptake of inorganic phosphate 
! is probably due to the Harden-Young 
effect” which may occur when the ipply of in 
rganic phosphate ex ted and results in the 
umulation ot d eq ‘ (hexose mono 
and dip pl ate other than lacti 


acid 
t Glucose-1-phosphate was equally effective 
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adenosine 
both 


addition 


an insufficient concentration of 
triphosphate or of hexokimase, or to 
Accordingly, 
of 5.1 uM adenosine triphosphate 
addition of 1.0 


of hexokinase caused a 10-fold increas« 


it was found that the 
had no 
stimulatory effect, while the 
mg 
in rate and more than a five-fold increase im 
the overall production of lactic acid in 120 
minutes (fig. 2). A similar proportional in 
crease in lactic acid production was also ob 


added to 


served when hexokinase was the 


control in the absence of sub- 
Strate 

The observation that the formation ot 
and greater im_ the 


than 


lactic acid was faster 


glucose and hexokinase 


presence of 


with glucose-O-phosphate as substrate, and 


24 
| 
22+ 
OF 
i 
} 
4} | 
P+ | 
‘ + 
4 
) 45 60 0 
Minutes 
2 (Gree er, and Leopold). /ormation 
f lactic acid 
Mai partment: O.5 ml. extract, 0.5 ml 
tom KCl-NaHCO 01 1 He). the experi 
ent wit I ‘ lone 10 ot extract was used 
wit no additional Kf NaHCO,) Side-art 
ml. glucose (final entratwn 111 O1 
ml. PO, Cfinal concentration, 10°M), 0.0 
1 0031 N NaHCO, 0.1 | Hexokinase (1 1 


of crystalline material) 0.1 mil. glucose-6 or tt 
‘ te if 


tipped n monte 
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24} 

22 
20} ‘ 

20 

A 
60 
Minutes 


tocher, and Leopold). Formation 


Fig. 3 (Green, 
of lactic acid. 

Main compartment 
tonic KCl-NaHCO, and 0.1 ml 
0.1 ml. glucose (final concentration, 1.11”10°M); 
0.1 mi. 0.1M POs. (final concentration, 1x10 *"M); 


0.5 mil. extract, 0.5 ml. iso 
HO. Side-arm: 


hexokinase (1 mg. crystalline material) ; 
0.05 mi. 0.031 N NaHCO,; 0.1 ml. fructose-6- or 
glucose-6-phosphate (final concentration, 6.67 
410°M) ; 0.1 ml. adenosine diphosphate (final con- 
centration, 3.33«10°M); 0.1 ml. adenosine mono- 
phosphate (final concentration, 6.67 x 10°M). Side- 
arm contents tipped in at 0 minutes. T.V., 1.5 ml 

4-4 glucose-6- or fructose-6-phosphate ; 

O—O—, fructose-6-phosphate and adenosine di- 
phosphate ; + + fructose-6- 
phosphate and adenosine monophosphate ; _@e e-. 
glucose and hexokinase 


0.1 mil 


glucose-6- or 


that the lens extract contained enough 
adenosine triphosphate to saturate the en 
zyme, indicated that the adenosine diphos- 
phate formed in the reaction played an im 
portant role. Indeed, as shown in Figure 3, 
the addition of adenosine diphosphate or 
adenosine monophosphate to the glucose-6 
phosphate or fructose-6-phosphate system 
caused a marked increase in the formation 
of lactic acid approaching the value obtained 
by glucose and hexokinase. 

The system glucose and hexokinase, on 
the other hand, is somewhat inhibited by 
the presence of added adenosine monophos- 
phate and adenosine diphosphate as well as 


by adenosine triphosphate (fig. 4). 
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wMoles Loctic A 


Minutes 


Fig. 4 (Green, Bocher, and Leopold). Formation 
of lactic ac id 

Main compartment: 0.5 ml 
tonic KCIl-NaHCO,, 0.1 ml 
ml. glucose (final concentration, 
ml. hexokinase (1 mg. crystalline mater al) ; 
ml. 0.1 M POs. (final concentration, 1x10°M); 
ml. 0.031 N NaHCO,; 0.1 mil. adenosine triphos 
phate (final con entration, 10°M) ; 0.1 ml 
diphosphate (final concentration, 6.26 
0.1 ml. adenosine monophosphate (final 
6.26x107°M). Side-arm contents 


extract, 0.5 ml. iso 
H,O. Side-arm: 0.1 
1.11«10°M); 0.1 
0.15 
0.05 


adenosine 
~10°M ) ; 


concentration, 


tipped in at 0 minutes. T.V., 1.6 ml ese es 
glucose and hexokinase ; 4 +—, glucose, hexo 
kinase and adenosine triphosphate; --4—4—, glu 


cose, hexokinase, and adenosine diphosphate 
—O—O—, glucose, hexokinase and adenosine mono 
phosphate ; C)—Ol—, glucose, hexokinase, aden 


osine monophosphate, and adenosine triphosphate 


RELATIONSHIP OF LACTIC ACID PRODUCTION 
CO, EVOLUTION 


In an actively metabolizing system chara 
terized by a well-balanced interplay of the 
glycolytic enzymes, the 
evolved from a bicarbonate buffer is quant) 


amount of CQO 


tatively proportional to the amount of lact 
acid formed. Whenever other acids besides 
lactic acid are being produced, or, con 
versely, if acid equivalents are being re 
duced, the evolution of CO, does not give 
an accurate measure of the extent of lactic 
acid formation. Under these conditions i 
order to measure the rate and extent of gly 
colysis it is necessary to determine the lactic 
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acid chemically. From an examination of the 
relationship between lactic ac id production 
and CO, evolution one may gain some in 
the 


properties of the svstem 


sight into mechanics and enzymic 

In the experiments with glucose without 
added phosphate the CO, evolution greatly 
exceeds the formation of lactic acid, while 
in the presence of added phosphate the two 
values are in good agreement. These obser 
vations, together with the fact that the addi 
arsenate, or 


ot 


tion myosin 


phosphate, 
adenosine triphosphatase, after the reaction 
had slowed down, resulted in a marked in 
crease in lactic acid production, suggested 
the operation of the Harden Young effect 
This is characterized, in this case, by the 
exhaustion of inorganic phosphate with the 
of acid 


accumulation equiva 


concomitant 
lents in the form of hexosemonophosphate 
and hexosediphosphate without the equiva 
lent of The 


quent addition of phosphate directly or by 


formation lactic acid, subse 
its regeneration by adenosine triphosphatase 
or by its substitute, arsenate, permitted these 
hexose esters to metabolize further to pro 
duce lactic acid 

The situation with glucose-6-phosphate is 
somewhat different. In this case despite the 
presence of excess inorganic phosphate the 
evolution of CO, is more than twice as much 


the With the 


addition of adenosine diphosphate the in 


as formation of lactic acid 
creased formation of lactic acid now exceeds 
the amount of CO, evolved, the degree ot 
excess depends upon the concentration o! 
adenosine diphosphate added. With larger 
amounts of adenosine diphosphate the CO, 
evolution actually decreases. This was espe 
cially true in the presence of the high con 
centrations of monophosphate 
(twice that of adenosine diphosphate). Here 
both the ‘Oy 
evolution rose rapidly in the first 10 minutes. 


adenosine 


lactic acid formation and ¢ 


As the reaction progressed, however, the 
lactic acid continued to be formed (fig. 3) 
the of COs. as tually di- 


while evolution 


minished to zero and below. 
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In the absence of added phosphate 
acceptor, adenosine diphosphate and adeno 
sine monophosphate, it is presumed that 
further phosphory lated pre xlucts of glucose 
6-phosphate (probably fructose diphosphate 
and phosphoglyceric acid) begin to accumu 
late as acid equivalents and generate COs. In 
the presence of added adenosine diphos 
phate or adenosine monophosphate these 
acid equivalents do not accumulate but the 
inorganic phosphate is taken up by the 
adenosine diphosphate or adenosine mono 
phosphate to give adenosine triphosphate or 
adenosine diphosphate, respectively. Since, 
according to the Embden-Meyerhof scheme 
for every mole of lactic acid two moles of 
adenosine triphosphate are formed,* this 
net uptake of inorganic phosphate results 
in a decrease of acid equivalents that is not 
compensated by the formation of lactic ac id, 
or by the subsequent hydrolysis of adenosine 


triphosphate 


DiIscUSSION 


Im the of the anaerobic 
metabolism of glucose by various tissues, the 
delicately balanced enzymatic imtegrity of 
the intact cells prevents the accumuiation of 


are 


normal course 


intermediary products, since these 


readily transformed into the end product, 
For a closer knowledge of the 


component reactions as well as the nature of 


lactic ac id. 


the enzymes involved in a complex series of 
metabolic events, it 1s mecessary to disrupt 
the cellular organization by experimental 
means so that the normal co-ordination of 
the vital processes is interrupted. Thus, the 
preparation of a cell-free extract is one 
means of studying the intermediary metab 
olism of the lens 

The demonstration of the dependence of 
the rate of glycolysis upon the presence of 
inorganic phosphate indicated the relative 


deficit of the enzyme adenosine triphos 


* This relationship was established for lens ex 
tract in the followimg paper. 
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phatase which controls regeneration of in 


organic phosphate according to the reaction 


ATPase 
ATID ADP + 
Indeed, the exhaustion of imorgank phos 
phate with the resulting lowing down ot 
glycolysis could be counteracted by fort 


fying the lens extract with myosin adenosine 


triphosphatase In the presence of the latter 
there was established a steady rate of gly 
colysis with the tormation of lactic acid 
equal to that produced by the system forti 


fied with 


assay of the extract tor adenosine triphos 


pho phate | nzymatu 


morgan 


phatase showed no measurable activity, al 
though Zeller et al reported in rabbit len 
homogenate the presence ot adenosine tri 
phosphatase capable of splitting 23.4 pM 
PO,/hr./g. fresh tissue. Our results also 


indicate that the splitting of adenosine tr 
phosphate by any nonspeciih phosphatase 1s 


neglible 


Comparison ol the rates of lactic ac id 
formation from glucose, glucose-6 and 
fructose 6 phosphate, and glucose plus 
hexokinase indicates that the glucose-6 
phosphate 1 probably the first product of 
glucose metabolism and that the concen 


tration of hexokinase in the lens preparation 


he 
effect of added adenosine diphosphate and 


is the rate limiting tactor accelerating 
adenosine monophosphate again underscores 
the detict 
phatase activity which would give rise to the 
of 


relative ot adenosine triphos 


formation of adenosine diphosphate 


course, mm the pre ence ot added he xokinase, 
the 
triphosphate to olucose genet ites adenosine 


transphosphorylation trom adenosine 


diphosphate fast enough to provide sufficient 


phosphate acceptor to make additional 


adenosine diphosphate Under 
the 


from glucose plus hexokinase ts 


unnecessary 


these conditions rate of lactic acid 
formation 
equal to that from glucose-6- or fructose 
6-phosphat« and adenosine monophosphate 

The of 


phosphate and fructose-0 phosphate suggests 


behavior glucose 


identical 
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a rapid interconversion mediated by the en 


phosphohe It 1s also 


interesting to note that in a single experi 
produced more 


Whether glu 


or glucose 6- phosphate 


ment glucose-l-phosphate 


lactic acid than did glucose 


cose ] phosphate 


the primary product of the pho phor lation 


of gluco e remains to be ‘ stabl hed In imy 


event it would appeat that the lens extract 
contains the enzyme phosphoglucomutass 
meciating the imterconversion of these two 


phosphate esters 


he 


M MARY 


lenses 


20 to 


( ell tree extracts ot 
rabbit 


and weighing between 0.75 and 1.0 lb 


vere prepared 
ol 


from the eyes ot 30) days 


ape 


form lactic a under anac 


Warbure 
added 


morgan phosphate the formation ot lacti 


abiity 


conditions was studied im a 


apparatus at 37°C. In the absence ot 


acid from glucose slowed down after about 
4) minutes. The initial rate could be pro 
longed by fortifying the system with mor 
ane phosphate, either betore or atte the 
reaction had slowed down, or with arsenate 


or adenosine tripho phata e added atter 60 


minutes of reaction 


Increased amounts of lactic acid were 
formed when glucose 6-phosphat tructose 
phosphate, or glucose ] phosphate were 


substituted for glucose. The addition o! 
hexokinase very markedly increased the 
formation otf lactic at ii, con iderably ex 


ceeding that produced by the he xosephos 


phate s. By supplementing the latter with 
adenosine diphosphate or adenosine orn 
phosphate the rate and extent ot lactic acid 


produced was equal to that from glucose 


rate and extent of glycoly $1 


plus hexokinase limiting factors 


Ss by lens extrac 


were shown to morgane phosphat« 


he xol 


the « 


adenosine t iphosphatase and 


| he lac k 


tion ot CQO), trom bicarbonat and the forma 


of correlation between volu 


tion of lactic acid was discussed 
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l' of th eries evidence was  hexosemonophosphate system fortified with 

» show that the relative deficits phosphate acceptor, adenosine dipho phate or 


adenosine n onopho phate, increased quanti 


in lens extract were limiting factors in the — ties of lactic acid were formed, Thi report 
production of lactic acid from glucose and  deseribes the anaerobic metabolism of 
glucose-6- and fructose-6-phosphate. When — fructose diphosphate by lens extract 
the glucose system was fortified with hexo The preparation of the lens extract ha 
kinase and inorganic phosphate and the already been described. The materials, pro 
cedure ind experimental techniques were 
the same as previously described. In addi 
, Depa tion the barium salt of fructose dipho phate 
the National Council to Combet chwarz laboratories), YX-percent pure by 
Blindne analysis with zymohexase was used 


1, Kronfeld, P.. and Bothman, L.: Ressirat 
I the mg ellect in fermentation of yeast 
J. Biol. Cher 180 
of te normal and cataract e Proc. Staff Meet. Mayo Clin., 26:194, 1951 
In Part 
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RESULTS 
When fructose diphosphate was incubated 
with added 
inorganic phosphate, the evolution of CO, 


lens extract, with or without 
was considerably faster and greater than the 
corresponding formation of lactic acid (hg 
1). The addition of 1.0 mg. diphosphopyr 
had effect 


process addition 


measurable 
The 


adenosine triphosphatase, on the other hand, 


dine nucleotide no 


upon either of 


increased the initial rate and overall extent 
of evolution of CQO,, and, after an initial 
in 


slow period of 30 minutes, markedly 
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creased the initial rate and overall formation 
of lactic acid to equal that of the evolution 
of CO,. Indeed, after 60 minutes it is ap 
parent from Figure 1 that the rate of lactic 


acid formation is faster than the rate of 
CO, evolution so that over a longer period 
of time the lactic acid formation may even 
exceed the CQO, evolution.* 

*In a well-balanced enzymic system the metabo 
lism of fructose diphosphate to lactic acid results 
in a measurable increase in the pH of the reaction 
mixture.” This causes a retention of some CO, 


in the lactic acid de 


the 


and is reflected quantity ot 


veloped exceeding amount of CO, liberated 


5 
5 


vy Moles 
yo wa oo OC 


60 


120 


Minutes 


Fig. 1 (Green, Bocher, and Leopold). Metabolism of fructose diphosphate m the presence 


adenosine triphosphatase 
Main compartment 


fructose diphosphate (final concentration, 6x 10°M) ; 
0.05 ml. 0.1M PO, (final concentration, 2.94 10°M ) ; 0.05 ml. 0.031M NaHCO,; 0.05 ml. HsO. Side 


2: 0.5 mil. extract. T.V., 1.7 ml 

Side arm contents tipped in at 0 minutes. 
O—O—, COs production ; ee 

COs production; - 


“> 


0.4 ml. adenosine triphosphatase, 0.5 ml. isotonic KC]-NaHCO,. Side-arm | 


f added 


0.1 ml 


0.05 ml. CaCl, (final concentration, 106% 10°M) ; 


, lactic acid production, no adenosine triphosphatase 
, lactic acid production, with adenosine triphosphatase 


: 
wae. 
ao? 
-* Pia 
of 
/ 
/ 
/ 
/ 
/ 
/ 
/ a 
/ 
/ 
/ 4 
/ 
/ 
/ 4 
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That the formation of lactic acid from 
fructose diphosphate by lens extract de 
pended essentially upon the presence of 


sufficient amounts of suitable phosphate ac 
ceptor is supported by the results in Table l. 
It is that 


phate and adenosine 


cleat both adenosine monophos 
diphosphate caused a 
marked increase in the production of lactic 
acid 10°M_ of 
creatine had no effect either upon the CO, 
Also the 


10°*M dinitrophenol was 


addition of 6.67 


evolution or lactic acid formation 


presence of l 
without effect 
classical Embden 


to the 


Meverhot scheme of anaerobi carbohydrate 


According 


metabolism, when one mole of fructose 
diphosphate undergoes anaerobic metab 
olism, two moles of lactic acid are formed 
accompanied by the generation of four 


moles of adenosine triphosphate or 7’) and 
the disappearance of two moles of morgan 


tabolism is given in 


correlation for lens me 


Table 1 


of lactic acid was 


phosphate 
under Ratio 
taken as one 


of the 


The value 


and compared with the value in 


organic phosphate disappeared and the 
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generated. In the first 30 minutes the disap 
pearance of phosphate and_ the 
generation of 7’P were larger in proportion 


After 60 
acid and 


inorgank 


formation of lactic acid 


the 


7’P was 1:2.2 with adenosine monophos 


to the 


minutes ratio between lactic 
phate and 1:1.9 with adenosine diphosphate 


Che 


however, was still relatively high 


inorganic phosphate disappearance 


After 120 minutes, in the case of 
adenosine monophosphate, the ratios of 
1 :1.9:1.3, respectively, for lactic ac id, qP, 


and phosphate were obtained in 


good agreement with the Embden-Meyerhot 


inorgank 


scheme. In the case of adenosine diphosphate 
similar ratios were obtained, although the 
value given for 7’P may be low. 

Attempts were made to determine the ex 


tent of disappearance of fructose diphosphate 


by the zymohexase method Because of 
the relatively high concentration of mot 
ganic phosphate and the small amount of 


fructose diphosphate remaining, the analy 
ses were inaccurate. The correlation between 
the 


and the formation ot 


fructose diphosphate 


lacti 


disappearance of 


acid was deter 


FABLE 1 
CORRELATION OF THE FORMATION OF LACTIC ACID WITH THE GENERATION OF 7'P AND THE DIS 
APPEARANCE OF INORGANIC PHOSPHATE DURING THE METABO ISM OF FRUCTOSE DIPHOSPHATI 
lime Inorg. P 7‘)?* Lactic Acid Ratio 
Additions I th 
acti 
Min uM uM uM Inorg. p id 
0 18.10 7.74 5.43 
oo 94 1.96 0.41 
120 99 62? 1.64 
\MP 0 18.30 7.70 6.78 
9 60 16.40 §.75 17 9 1.0 
13.80 18.90 1.6 10 
120 16.50 4 0 12.40 1.4 1.9 10 
ADP 0 17.50 (30.0 (5.23 
w 9 70 12.8 4.78 »0 10 
60 11.00 11.5 6.20 1.8 1.9 10 
120 10.70 12.2 80 10 
Vain compartment: 0.5 ml. extract; 0.5 ml. isotonic KCI-NaHCO,; 0.1 ml. HO 
Side-arm: O1 ml. FDP il concentration, 3.33% 10°°M); 0.15 ml. 0.1 M PO, (final concentration 
1.33%10°*M): 0.1 ml. ADP (final concentration, 6.67 10-°M); 0.1 ml. AMP (final concentration, 1.44 
~10°°M): 0.05 ml. 0.031 N NaHCO,. Side-arm contents tipped in at 0 min. T.V., 1.5 mil 
* These values were not corrected for the quantity of 7'P disappearing with the metabolimm of fructose 
diphosph ite, 30 percent of whose orga ic phosphate is hydrol zed in seven minute 


116 HARRY GREEN, CAROL A. BOCHER AND IRVING H LEOPOLD 
FABLE 2 
METABOLISM OF FRUCTOSE DIPHOSPHATE IN THE PRESENCE OF ARSENATI CORRELATION OF LACTIC ACID 
FORMATION WITH THE DISAPPEARANCE OF FRUCTOSE DIPHOSPHATE, EVOLUTION 
or COs AND INCREASE IN INORGANIC PHOSPHATI 
lime CO FDP-P Inorg. P Lactic Acid 
Mins uM uM uM pM 
18.0 23.1 19.4 
oO 21.6 22.8 25.5 24.0 
22.7 22.6 27.0 24.0 
Vain compartment; 0.5 ml. extract; 0 5 ml. isotonic KCL-NaHCO,; 0.2 ml. HO 
Side-arm: O.1 mil. FDP (final concentration, 3.110 M 0.15 ml. AgQ, (final concentration, 
2.08% 10°°M): 0.05 ml. 0.031 N NaHCO,,. Side-arm contents tipped in at 0 min r.V., 1.5 ml 
mined in the absence of added inorganic phosphate together with the demonstration 
phosphate but in the presence of A,Ox that in the presence of A,O, the production 
The results in Table 2 show clearly the of lactic acid was completely dissociated 
excellent agreement between the lactic ac id from the uptake of morgan phosphat 
developed, the CO, evolved,* the fructose pointed to the relative deficit of adenosine 


diphosphate disappeared, and the morgani 
phosphate formed. With regard to the latter 
it must be remembered that in the presence 
of 
phosphate ends up finally as morgan phos 


arsenate, the phosphate of fructose di 


phate, rather than as 


USSION 


In evaluating whether a presumed sub 
strate lies on the main pathway of glucose 
metabolism by lens extract, it 1s apparent, 
from this study, that unless the enzyme sys 


tem 1s supplemented with proper cofactors, 
Thus 


the relatively slight ability of fructose di 


incorrect conclusions may be drawn 


phosphate to give rise to lactic ac id may be 
construed as indicating that fructose diphos 
phate is not an intermediary m lens metab 
olism. On the contrary, the high rate of lactic 


acid formation in the presence of suitable 


phosphate acceptor demonstrated that fruc 
tose diphosphate is quite likely a definite me 

tabolite in the utilization of sugar by the 
lens This ce j* nce nee upon the presence of 
adenosine diphosphate or adenosine mono 
acid formed to CO, 


* The average ratio of lacts 


evolved in the metabolism of fructose diphosphate 
4.0, was 1.3, in 12 experiments 
and for different time periods. Meyerhof® obtained 
a value of 1.24 with brewers’ yeast 


in the presence ot 


triphosphatase activity im lens extract, con 
firming the findings in Part I of this series 
This study has shown that a stoichio 
metric relationship exists between the me 
tabolism of fructose diphosphate and the 


production of lactic acid, the generation © 
high energy phosphate bonds and the uptak 


Although the 


ence of labile phosphate ot adenosine di 


of morgan phosphate pre 


phosphate and adenosine triphosphate has 


been demonstrated” * in the ery stalline len 


and the uptake of P by intact lenses led to 


an increase in labile phosphorus,” *° this is 
the first demonstration that the metabolic ac 
tivity of the crystalline lens gives rise to the 


generation of high energy phosphate bonds 


and that these two processes are quantita 


tively related 
The results so far obtained are in accord 
with the 
Meyerhot the 
utilization of glucose by lens extract 
to 


glycolytic scheme of mbden and 


and suggest that anaerobi 
follow 


cle 


at 


a pathway essentially similar that 


scribed for yeast, mus le, and other n 


mahan tissues 

Nordmann Mandel’ 
and Kinsey* have reported the presence o! 
and the 


and and Frohman 


creatin phosphate in animal lenses, 
latter authors suggest that this is the form 


in which the high energy phosphate of 


METABOLISM ¢ 


adenosine triphosphate may be stored im the 


intact lens. In our experiments with lens 


extract creatin had no effect upon the lacts 


acid formation in the metabolism of fructose 
diphe sphate and, therefore, could not act as 
a phosphate acceptor under these conditions 


that 


hat mediates the 


t] 


enzyme t 


It would wretore, creatin 


ir, 


phosphoryla ‘ the 


transfer of phosphate from adenosine tri 
phosphate to creatin, was absent in our lens 
extract 

The relatively large evolution of CO 
con pared with the formation of lactic ac id 
that occurred in the metabolism of fructose 


diphosphate in the absence of phosphate ac 
ceptor was probably due to the accumulation 


an acid other than lacti Ihe probability 


of 
that this may be phosphoglyceric acid ts 
being investigated 

In the experiment with added adenosine 
tr phosphatase the imitial lag in the produ 
tion of lactic acid during the first 30 minutes 


the time to 


ascribed 


ulficient pho phate 


bee 


ronerate 


mn to necessary 


acee ptor, aden 


diphosphate 


M MARY 


anaerobu metaboli ol tructose 


he 


diphosphate by an extract of rabbit lens was 
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studied. Fructose diphosphate, with or with 


out added inorganic phosphate, formed very 


little lactic acid. In the presence ot a suit 


able phosphat acceptor, adenosine diphos 


phate or adenosine monophosphate, con 
siderable quantities of lactic acid were 
produced 

Similar results were obtained in the pres 
ence of muscle adenosine triphosphatase ot 


fructose was 


When 


adenosine 


dipho phate 


arsenate 


fortified with di- or monophos 


phate, the production of one mole of lactic 


acid was accompamed by the generation ot 


two moles of seven-minute phosphorus and 


the uptake of one mole of inorganic phos 


phate. In the presence of arsenate a rapid 
production of lactic acid occurred and a 
stoichiometric relationship was shown to 


between the fructose diphosphate me 


the 


‘ 
lacti 
liberated and the CO 


tabolized and cid produced, the 


phosphate 


morgan 


evolved 


The results are in accord with the gly 
colytic scheme of LEmbden and Meyerhoft 
and suggest that the anaerobic utilization ot 


follow 


that 


glucose by lens extract a pathway 


essentially imilar to ke scribed for 


veast. muscle, and other mammalian tissues 


1001 Spring Garden Street (30) 
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jhosphorus 


Discussion 


of our work on 
to demonstrate 


joun Hage: In some 


we have 


De 
cation imbalance 
that adenotriphosphate in particular 
our 


le rT) ible 
seems to have 
influence so tar as neasure of 


quite a 


tissue viability is com erned. In other words, in the 
presence of even quite low concentrations of adeno 
triphosphate we found a depression of the cation 


concentrating mechanism 


One of the things we observed to negate this 
depression—that is, to overcome the inhibition of 
the cation concentrating mechanism—-was a rela- 
tively high glucose level. I wonder whether Dr 


would help us out in that 
any quantitative 
and 


Dische has anything that 
respect, whether he has observed 
relationship between the utilization of glucose 
various concentrations ot adenotriphosphate 
I would like to ask Dr. Green whether 
tried insulin in some of his lenticular homogenates 
You will recall that in its presence Ross, in Eng 
land, was able to demonstrate a greater uptake of 
decapsulated but not 


he has 


glucose from the media in the 
necessarily homogenized tissue 
De. Discne: Dr 
the correlation between adenotriph 
I can only say that we also tried 
adenotriphosphate 


Harris asked about 
sphate concen 
tration and glucose 
much higher concentrations of 
10 times as much as there were here 
influence whatever In very much higher concen 
trations the effect was almost the as in the 


There was no 


same 
low concentrations 

On the other hand, the degree to 
triphosphate preparation was broken down was ir 
regular and errati apparently it depends upon the 
care with which the capsule ts stripped off. There ts 
of the adenotriphos 
stripped off, be- 
certain the 
either the transterence rela 


whi h adeno 


probably a very great increase 
phate activity when the capsule 1s 
cause there are structural changes in 
capsule which activate 
tions or the adenotriphosphate 

It would that adenotriphosphate 
rather depress the active cation transport 
due to some specific effect of adenotriphosphate on 
the proteins, which can he expected to a very high 
degree 

I am very much impressed Ly the elegance of the 


would 
It may be 


seem 


experiments of Dr. Green and this equivalence of 


phosphate, lactic ac id, carbon dioxide, and adenotri 
phosphate 
1 would like to say I did not understand whether 


this the whole lens or on homoge 
nates 

Also, I would like to uwsk Dr 
plains that im his experiments 
phate had a hicher rate of turnover than 
itself, although the amount of the phosphate acceptor 
is the limiting factor, and particularly as mon phos 


was done on 
Green how he ex- 
the glucose-6-phos 
glucose 


wrently a better acceptor in his experi- 


adenotriphosphate. 


phate is apt 
ments than 15 
Under these circumstances we wt uld expect that 


reate more acceptors than glucose 6 


ylucose would 


phosphate, and for this reason the rate o! the turn- 
over with glucose would he higher than glucose-6 
phosphate, hecause monophosphate appears as 4 


hetter aceptor. That is rather unusual 
1 would not think this would be the case 
eral. I would think idenodiphosphate would be 


better acceptor than the adenotriy hosphate. In his ex 


in gen 


the 


periments, adenodiphosphate was better than adeno 
triphosphate. Without 


of how much adenodiphosphate was use i, I 


“a complete analysis of the 


balance, 
wonder how you can recon ile these findings with 
the tact that the amount of the pl osph ite 
‘¢ the limiting factor in the experiments 

Dre Harry Green: Thank you, Dr. Dische, for 
We used cell-free extracts 0! 


Thev were adjusted 


acce ptors 


your fine remarks 
the entire lens, capsule and all 
to a pH of 74 

As to the difference hetween glucose 
6-phosphate, the limiting factor 1s not the phosphate 
but the relative deficit of hexokinase in 
en that in the presence of added 


and glucose 


acceptor 
the lens extracts, 
hexok nase glu ose 
siderably faster and to a 
produc ed by glucose-6 phosphate 

In this case, 


will produce lactic acid con 
greater extent 
in the presence of hexokinase there 
occurs a very glucose, 
which produces 
phosphate acceptor in 
time The 


phosphate a 


rapid phe ysphory lation ot 
larger 


short 


a considerably mount of 


a relatively period of 


result 1s a higher concentration ot 
ceptor than originally present im lens 
extract 


If the phosphate acceptor 1s added to the glucose 


6 phospl ate system, the two rates become equal 
The limiting factor is, therefore, not the adenosine 
diphosp! ate, but the hexokinase. Once hexokinase 
is present, however, then the limiting fa tor is the 
phosphate acceptor 

It is true that we have found that adenosine 


monophosphate is a r latively more efficient phos 


phate acceptor than the adenosine diphosphate I 
don’t agree that this 
but, be that as it may, it w uld suggest 
the phosphorylase enzyme respor sible for the up 
take of phosphorus by adenosine diphosphate 1s 
than that responsible for 


observation is rather unu ual; 


to us that 


perhaps less active 
phosphorylation of adenosine monophosphate 


to be established 


remains 

With regard to the inhibitory properties of 
adenosine triphosphate observed by Dr Harris, 
we have found that an excess of adenosine tr! 
phosphate inhibited glycolysis in the presence ot 


ulded hexokinase 


. 
at 


AN EVALUATION OF 


James F 
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©)’ RourKe, 


STREPTOKINASE* 


Bethesda, Maryland 


The 


enzy me 


identification of the fibrinolyti 


activator, streptokinase, was an 
ougrowth of research efforts in the field of 
in their investiga 


Tillet 


bacterial exotoxins, Early 


tions of hemolytic streptococci, and 


his coworkers observed that broth cul 
tures of the organisms could cause rapid 
lysis in fibrin clots of human blood. This 


lytic property was found to be extracellular 


and to be secreted into the culture medium 


during growth, by the organis1 Isolation 


and assay of the principle soon followed and 


the name streptokinase was assigned by 


Christensen.* 


\mong the animal blood types tested in 


early experiments, only clots of human fh 


brin appeared susceptible to liquefaction by 
the streptococcal principle. Thus it was that 


studies were undertaken to identify a human 


serum factor necessary to the streptokinase 
fibrinolysis reaction, the absence of which 
precluded any such reaction 

The existence of such a factor 


Milstone 


ence in the 


was con 
firmed by who detected its pres 
human 


that the 


euglobulin fraction of 


plasma It is interesting to note 


existence of his euglobulin factor in human 


blood had been demonstt ited some years 
earlier and its fibrinolytic function dis 
cussed 

Dastre for example, noted dissolution 
of human clots immersed in human serum 
for 18 hours: this was in 1893. In 1903, the 
fibrinolytic activity of human serum was 


shown to be increased in addition of chloro 


form.” The Hedin, 
activity 


following year, and 


others, showed this autofibrinolyti 


* From the Department of Research of the Wills 
Eye Hospital. The submitted to the faculty of 
the Graduate School of Medicine f the University 
of Pennsylvania toward the requirements for the 
Degree of Master of Medical Science (M.S« 
(Med.)) for graduate work in ophthalmology 


119 


of human blood was a function of the eu 


globulin fraction of the 


More recent attempts to assay this euglob 


ulin factor have confirmed its enzymatu 
nature. The inactive form has been named 
plasminogen by Christensen. When acti 
vated the enzyme is called plasmin. The fol 


lowing reaction sequence involving the acti 
vator substance, streptokinase and the serum 
enzyme, plasminogen, has been postulated ** 

1. Plasminogen is the inactive form of an 
enzyme capable of causing fibrinolysis 


2. Streptokinase changes plasminogen 
rapidly and completely to an active form 
plasmin 

3. Plasmin then catalyzes the fibrinolysis 

Subsequent studies of the chemical nature 
and purity of streptokinase demonstrated 
the presence of a desoxyribonuclease (called 
streptodornase, by Christensen"’ ), hyaluront 
dase, and antienzyme factors in significant 
quantities."' It is not available as a purified 
kffects of its 


preparation impurities are 


greater in high concentrations of strepto 
kinase.® 
Although many other physical, chemi 


cal and pharmacologic agents have exhibited 


similar properties, pos 
sesses the efficiency of streptokinase in this 
regard 

Selye** asserts that activation of a fibrino 
lytic blood principle by so wide a variety of 
stimuli shows the activation to be a manifes 
tation of stress response in the human or 
ganism. The striking parallelism between the 
severity ot 


many rheumatic-type diseases 


and the antifibrinolytic activity of the sera 


is sighted by many to support this posi 
tion.*” 
It is felt that the antigenic response to 


streptokinase ts 
\lso of 


increase of the antiphlasmin activity 


part ot this sare picture 
ird is the 


of hu 


significance in this reg 
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man serum after administration of 


or cortisone.** 
The recognition of a plasmim fibrinolyti 
factor and anti-enzyme plasmin inhibitors 


the blood pro 
ap 


in 


as balancing components of 


teolytic system greatly facilitates an 


proach to the problem of fibrinolysis 


vivo.” Although the nature of such antien 


zyme factors 1s as yet unknown their pres 
ence is certain.” 3%, 
Streptokinase 


aid in lysis and removal of fibrin 


has been employed to 


com 
from many of the body 


pounded exudate 
; * Treatment method and 


25, 2, 4, 


areas 


periodicity have varied with the size and 
location of the site considered. The need for 


has 


m is often required in 


surgical draimage not been obviated, 


however, and aspirate 
dealing with closed or semu losed cavities 
tecause the presence of suitable substrate 


in the form of clotted blood is seen clinically 


in patients with complicated hyphema, the 
role of intraocular streptokinase has come 
undet consideration The manner of action 
of the 


employ 


agent and the contemplated locus of 
make the 
pertinent; 
1. The 


semiclosed 


following factors seem 


anterior chamber represents 4 
space constructed of highly spe 
cjalized and sensitive tissues. It 1s contantly 
perfused by aqueous humor which will serve 
to dilute and to remove by flow or diffusion 
many water soluble agents introduced 

2. The degree of fibrinolytic activity in a 
given area 1S proportional to the concentra 
tion of activated serum plasmin and not to 
An 


assures only max! 


the streptokinase concentration Excess 
of the latter component 
of 
plasminogen.” 


3. The time 


mal rate activation available serum 
required to effect fibrinolysis 


a clot mass is dependent upon the con 
of 


14.23 The relationship of fibrinoly 


centration substrate fibrin and active 


plasmin.” 
sis time to the proportion of these two sub 
stances is as a straight line graph.” 


$. Contact of substrate with streptokinase 


OROURKI 


must obtaim tor sufficient time to permit 
activation of available plasminogen.” Factors 
of contact time and surtace area thus be 


come significant 


5. As pre sently available, streptokinase 1s 


not a pure preparation The impurities pres 


ent are more active m higher concentrations 


of the streptokinase preparation 
the 


limitations are 


the 


Several of foregomyg 


unique to a consideration of anterior 


Other body areas which permit of 


to 


chambe r. 


larget clots and easier serum ele 


ACCESS 


ments would less likely present the poss! 
bility of incomplete fibrinolysis 
ettort the 


the se the 


In an to study relative m 


portance of factors investigation 


of intraocular behavior of streptol nase Was 


undertaken in the following sequence 
Section | Procedures and Method 
Standardization of analyses methods 


Section IL. Studies of ocular tolerance to 
streptokinase 


antistreptokinase activity. 
Studies of 


Section Duration of activity studies. 


Section Studies of anterior chambet 


Section \ treatment of eX 
perimental lesions 
Section Vi 


Section VIL. Conclusions 


Discussion and summary 


It is the purpose of this section to present 


in adequat detail the methods of animal 
surgery and biochemical assay employed in 
this study. The sequence ts 4s follows 

1. Preliminary m vitro studies of whol 


blood clots 
A. Preparation of standard clots 
B. Effect of clot composition on strepto 
kinase fibrinolysis 
C. Effect of temperature on fibrinolysis 
in vitro 
2. Description of preparations for anima 
injection 
A. Anesthesia: General, surface, and lo 
cal 
B 


l’re ope rative and postope rative care 


INTRAOCULAR 


3. Description of lesion production, treat 
ment and aqueous 
\ Sin ple hy phe 
Secondar ola 
C Streptol nase and iline myections 


LD). Simple paracentes 


chemical assay methods 


A. Drugs and solutions used 

> ib! nolvsis repiokinase 
B. Fil treptol 
( Fibrinolysis time pla min 


1). Clot inhibition test 


| \nti method 


streptol nase testing 


sludics wh le 


l. Preliminary m 


done to aid in 


selection of a 


following studies were 
the lor use 


in lesion production. Pre 


prope! substrate 
investigations 
fibrinolysis proceeds 


blood 


have indicated that 


clots than im 


more rapidly in human 


those of animal blood 


ANDARD CLOTS 


\. PREPARATION OF 


Five ce. of whole blood was placed in a 
small test tube of 1.5 em. and 1.0 ce. of 
bovine thrombin in concentration of 200 
units per was added Prompt and re 


peated inversion of the tube assured 


thorough mixture of contents prior to clot 


ting. The tube is then placed nan ice wate 
bath for five minutes to allow firm clotting 
Phe clot, when removed b loosening the 
edges gently with a loop, torn it cast 
of the tube bore Phi Va placed on a clean 
dry glass surface and promptly cut with in 
scissors into wafers of O.5 em. thickness 
With the aid of a vlas rod the clots were 


individual test tubes in the 


required 


directed mito the 


vater bath as 


lresh clots were prepared for each series 


and constant sources of human 


ot tests 


blood, human pla ma ind of rabbit blood 
were used throughout this section of the 
study. In this way factors of surface area 


and of plasminogen content remained uni 


form 


clot types were pre 


In this manner three 
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pared using human blood, rabbit blood, and 
blood 


of human plasma 


rabbit mixed with an equal volume 


B. Errect OF CLOT COMPOSITION ON STREP 


POKINASE FIBRINOLYSIS 


Each of the three clot was then 


tested as follows 


types 


test tubes contamineg 


Fifteen Kahn-typ. 


each 0.1 cm of freshly prepared strepto 


wate! 


differ 


kinase solution were immersed in the 


bath to a depth of two inches. Five 
ent dilutions in range of 5,000 units per ec 
to 50,000 units per cc. were employed and a 
temperature of 37°C. was constant in the 


bath. Three 
0.1 ot 


water control tubes each con 


taining normal saline were im 


mersed simultaneously 
Each of the three clot types described was 


incubated with five different dilutions of 


streptokinase solution Dissolution was 


taken as completed when tube contents 


flowed freely and introduction of a glass rod 
The 
the 


solid matter 
flooded 


presence of any particulate matter was sus 


howed no remaining 


tubes were with water when 


pt cte 


indicate that 


Pable 
the ot 


hown in 
blood 


composition are poorly lysed Whole human 


Results 


clots of rabbit and mixed 


blood proved the most susceptible of the 


ubstrate materials tested and was used in 


further vivo tests 


( | PRFECT OF TEMPERATURE ON FIBRINOLY 


VITRO 


SIS IN 


factor o with 


\s with 


streptokinase, an 


many enzyine 


mcrease in temperature | 


held to inerease enzymatic activity within 
pecific limits of range. Preliminary tude 


on temperature effect were done in a manne 


similar to that ce scribed above m Section 

| reshl 
in each of four series conducted at tempera 
tures of 37°, 40°, 43 5° 


three as 


prepared human clots were used 


and respec 


tively. kighteen test controls 


= 
4 
blood clots 
| 
i 
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O'ROURKI 


TABLE 1 


PRELIMINARY STUDY 


RELATIVE St SCE PTIBILITY OF CLOTS OF HUMAN 


AND RABBIT BLOOD rO FIBRINOLYSIS 


Streptokinase Rabbit 
Concentration Blood 
U nits /ce 

Hours 

50 14 

25 ,000 23 

15.000 16 

10,000 29 
5,000 Neg. at 

1% 


Control 


and 15 containing streptokinase in concen 


tration range from 5,000 units per ce. to 


50,000 units per c comprised each series 
Results, as shown in Chart 1. indicated a 


definite reduction m time of clot dissolution 


coincident with an imereast of imeubation 
of streptokinase 


has been shown to occur al 


Body temperature ¢ levation to 


feasible 


temperature Inactivation 


wove a tempera 


ture of 50° 
not Subsequent at 


this range 1s 


tempts at induction of fever in rabbits were 

not successful in our hands 

2. Description of preparations for animal 
injection 

\. ANI 


LOCATI 


rHESIA GENERAL, SURFACE, AND 


General anesthesia was rest rved for those 
methods of lesion induction and treatment 
where accuracy demanded complete animal 
control, This was especially true of those 
chamber myection 


had to be 


anesthesia employed was 


procedures of anterior 
loss by regurgitation 
minimized, ‘The 
Pentobarbital sodium contaming 60 mg. of 


This was diluted to a 


wherein 


barbiturate per cc 


volume of at least 1.0 cx and injected slowly 
via the marginal ear vein, during a period of 
When dilution to 


minimum was re 


no less than two minutes 
attain the 1.0 cc. volume 


quired, sterile normal saline solution was 


added 
Rapid injection or use of too concentrated 
anesthetic deaths, 


a solution resulted im 


Rabl it Blood and 
Human Serum 


Human 
Blood 


Time Required for Lysis of Clots 


Minute Hour 
55 
78 5 
89 
187 6 

& he 14 


Negative at 48 hr 


especially im animals of body weight below 


1.500 gm. Adult rabbits im weight range of 
1.200 to 2,000 gm. were used in subsequent 


series. Following induction of anesthesia 


animals were placed in rabbit boxes with 


heads erect. Periodic irrigation of exposed 


corneas Was maintained 
reserved for such 


Local anesthesia was 


procedures as paracentesis wherein complete 
difficult to 


1:10,000 Metaphen 


control was not as maintain 


After 


solution, a 


irrigation with 


solution of one-percent 


sterile 
hvdrochloride was instilled imto 


W hen aided by good 


tetracaine 


each conjunctival sac 


( mInuTES) 


° 
50 100 $0 25 5 ie) 5 
uNITS/cc STREPTOKINASE (THOUSANDS) 
Chart 1 (O'Rourke). Effect of temperature and 


of streptokinase concentration on m vitro dissolu 


tion of prepared clots. 
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head, this 


lor sue h pro ed 


manual control of the animal 

method proved adequate 

ures 
When 


with surface 


0.5 ce. of 


an animal proved unmanageable 


anesthesia, a retrobulbar injec 


tion of a 2.0-percent procaine 


solution was given. Injections were per 


formed with a 2l-gauge needle which was 
inserted into the retrobulbar space through 


nasal cul-de-sac. Ready 


afforded by 
proptosis of This 
by pressure with the angled edge of a muscle 


the inferior 
to this preliminary 


effected 


area Was 


the glo Was 


hook, beneath the globe 


B. PREOPERATIVE AND POSTOPERATIVE CARI 


1. Control of septic factors was obtained 


by sterilizing all instruments, syringes, and 


boiling water for 30 munutes. 


needles in 
These 
Zephiran chloride imn 

2. All rabbit eves con 


were then immersed in a solution of 


ediately be fore use 


igned for imtraocu 


lar procedures received a thorough irriga 
tion with a 1:10,000 Metaphen solution. 
This was repeated in 10 minutes The se 
ond flush was followed in 10 minutes by 


irrigation of these areas with sterile saline 


In cases of general anesthesia where corneal 


exposure was a factor periodic irrigation 


with sterile saline was don 

3. After any procedure done under gen 
a median tarsorrhaphy was 
10,000 Metaphen 


eT cul de sac 


eral anesthesia, 
performed and 1 oint 
ment was instilled into the low 
Animal recovery was then allowed to pro 
ceed in animal boxes designed to hold heads 
erect. When recovery was con ple ted sutures 
were removed and complete irrigation with 
1:10,000 Metaphen solution and saline was 
done. With the above methods 


ves was held to less 


significant in 
fection loss of rabbit « 


than two percent of 300 rabbits used. 


3. Description of lesion production, treat- 


ment, and aqueous recovery 


HYPHEMA 


A. SIMPLE 
Well-anesthetize d, 


placed on sterile towels until needed. Both 


adult rabbits were 
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eyes were flushed and irrigated. When ready 


tor myection, thev were placed on a board 


covered with a sterile towel and the lids 
retracted manually by a gloved assistant. 
Human blood was drawn into a sterile 


10-ce. syringe from the antecubital vein of a 
and at once placed in a 
sterile dry Without undue delay, 
this was drawn into dry, sterile tuberculin 
and handed 


don 
test 


constant 
tubs 


syringes, to the level of 0.25 «x 
to the operator by an assistant 
\ puncture of the perilimbal bulbar con 


junctiva, beginning about three mm from 


the nasal limbus, was made with a 26-gauge 
needle on a sterile, dry tuberculin syringe 
The needle was directed to the 
the 


entered. A paracentesis was done slowly and 


limbal area 


at which point anterior chamber was 


vielded from 0.2 ce. to 0.25 cc. of clear aque 
| 


ous 
Promptly, a containing human 
blood was substituted at the adapter end of 


injected into the an 


syringe 
the needle and 0.2 c¢ 
terior chamber. The needle was gently with 


drawn as the puncture was covered with a 


sterile cotton sponge soaked in bovine 
thrombin solution in concentration of S00 
units per cc 

With well anesthetized animals, it was 


found possible to imyect between 16 and 20 
eyes before coagulation of the blood speci 
men occurred. When human plasma was 
injected a similar technique was « mployed in 


later series 


B. SECONDARY GLAUCOMA 


This lesion type was induced by the m 
blood, 
after which a syringe containing 0.5 ce. of 
substituted 


jection of 0.1 ce. of whole human 


bovine thrombin solution was 


and the contents barbotaged three times to 


coagulation A 
500 unit 


achieve mixture prior to 


thrombin concentration ot per c 


of solution was used, ¢ oagulation ot injected 


matter was prompt and resulted in many 


glaucomatous eyes. Spontaneous rupture of 


these globes occurred frequently after 48 


hours Only the most gentle handling ol 
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such eyes prevented rupture at the limbal 
area. For this reason new sharp 26-gauge 
half inch length were favored 


ren edures in 


needle of ome 
for injection and aspiration | 


this section 


(. STREPTOKINASE AND SALINI INJECTION 

significant dan 
Bec ause of this, 
adult rab- 
at 


Regurgitation loss was 4 
ger this 
general anesthesia was used. Ten 


in section also 


were inducted for each series one 


Best retention of noncoagulable solu 


time 


tions such as these was obtained when an 


oblique transcorneal puncture was Us d 
With lid retraction and forceps fixation 
at the superior rectus msertion, the puncture 
was begun two mm inside the superior nasal 
limbus and continued laterally at an angle 
of about 30 degrees below the horizontal 
until the anterior chamber was entered. The 


aqueous was aspirated into a dry, sterile 


syringe which was then disengaged from the 


needle, A second sterile syringe contaming 
O2 injection was 


of the solution for 


inserted into the needle and the injection 
As the needle was withdrawn the 


completed 
puncture site was covered with a thrombin 


soaked sponge, to offset regurgitation loss 


1). SIMPLE PARACENTESIS 


Recovery of aqueous specimens by para 


centesis for study of enzyme activity was 
accomplished under local anesthesia. A pert 
a 26-gauge needle was 


ce 


limbal puncture w ith 


employed with aseptic precaution as 


scribed 


4. Biochemical assay methods 
Testing methods for presence of strepto 


kinase activity are based on two of its pro 


perties 

a. Ability, at body temperature, to effect 
the rapid conversion of plasminogen to 
plasmin, as manifested by lysis of fibrin 


present 


b. Ability to act upon fibrinogen in such 


a way as to prevent tts subsequent coagula 
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tion despite addition of excess thrombin 


A 0.25-percent solution of bovine fibrino 


ven was used as a constant testing substrate 


of uniform clottable protem content Fresh 


solutions were prepared for each series O! 


This was done to avoid the precipita 
on 


tests 


tion caused by temperature changes 


standing 
Tests performed on this fibrinogen 


the 


sub 


strate were in reality tests lor presence 


of Thus 


stre ptokinase _ it was 


tor Ire 


p* 


sample 


plasmin when testing 


necessary to 


preliminary incubation of the with 


an aliquot of human plasma for 30 minutes 


The 


body 


streptokinase W ithin 


best 


free 
be 
its ability 


Then the activity of this 


presence of 
fluid 


demonstration of 


could detected by a 


to activate hu 


man plasmimogen 


activated plasma sample is tested on the 
bovine fibrinogen substrat 

This added step was necessary because 
direct mixture of streptokinase solution with 
bovine fibrinogen when followed by coagu 
lation with thrombin did not re sult in effec 
tive fibrinolysis of the substrate. This is be 


cause of the previously ck cribed reduced 
fibrinolysis on 


of 


effectiveness of streptokinase 
the 
Constant 


animal plasma, i absence human 


sources of hu 


plasmin tactot 
man plasma, fibrinogen, and streptokinase 


all serics done com 


have maintained in for 


parison. 
\ Drucs AND SOLUTIONS t SED 


Streptokinase This by 
Lederle Laboratories as Varidase in 30-c 


Fach contained in powdered form 
25.000 


Was 


supplic 


vials 
100.000) units of streptokinase and 
Unmeasured 


units of streptodornase 

amounts of hyaluronidase, streptolysin ©, 
streptoly sin S. ribonuclease, and other an 
tienzyvme factors are present The sigmih 


cance of these impurity types decreases im 


the higher dilutions of the powdered pro 


duct. It was this last factor that prompted 
the use of higher concentrations during m 
vivo studies of antienzyme factors, and 
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injection of less toxic concentrations im 


treatment 
The 


range 


seTics 
recom nded 
2° to 10° was ol 


storage temperature 


of served. The strep 


tokinase powder contained 0.01 percent 


sodium ethyl mercury thi sulphate as a pre 


servative plus an added butter to maintain 


a pH of 7.5 The material goes into solution 


easily upon injection of the des red amount 
of sterile saline. Violent shaking is con 
traindicated. Solution was made fresh for 


deterioration at 
Any 


anterior cham 


each test series because the 


an be significant. 


the 


room temperature « 


specimen asp ited trom 


ber was promptly assayed, for the same rea 
son 

Bovine thrombin. This was obtained as 
sterile thrombin from the Upjohn Company 
in 30-cc. vials, each containing 1,000 units 


as dried powder. A unit described as the 
amount needed to effect clotting on 0.1 cc. of 
a 1.0-percent fibrinogen solution im 15 sec 
onds at 28°C. of temperature. As used in 


these studies the contents of each vial were 


dissolved in 20 ol ter ke physiologic 


saline solution to give a concentration of 500 


units per Becau e oft potem y loss 


on 


standing at room temperature, thrombin 


solution was prepared anew for each test 


sc ric 
Phi 


Hyaluronidas: 
tained from Wyeth Che 


ob 


ical Company as a 


material was 


highly concentrated dried powder extract ot 


bull testes containing 1,300 turbidity re 


ducing units per mg. The purity of this ma 
than that of 


ial hyl 


terial was greatet presently 


available con iuronidase 


mere 


Bovine fibrinogen. This material, bovine 
fibrinogen, fraction 1 (Cohn nomenclature ) 
was purchased from the research division of 
Armour and Company. This was received as 


dried powder which because of the extrac 


tion process contained con derable quanti 


ties of sodium citrate. A constant source of 


this powder was employed for all test series 
because the clottable prot in can how up to 
weight two 


nm any 


10 pere ent diffe rence b 
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lots. The clottable protein of the sample used 
studies 
yht 


in these was found to be 48 percent 


by we Although this powder enters solu 
readily 


ration of the 0.25 


tion more ina vacuum flask, prepa 


percent solution used here 
did not require this method 

\n amount of 125 mg. of the powder was 
measured on the chain balance and added to 


50 ct of saline 


physiologi solution im a 
vlass beaker This was stirred with a vlass 
rod until dissolved. The solution was also 


prepared fresh each day as precipitation ts 
noted on chilling or standing 

Human plasma. To meet the need for hu 
man plasma of constant source and compo 
ition, several vials of Lyovaec plasma were 
obtained from the Sharpe and Dohme Com 
ill of 
content of activatable plasminogen 
leach 


of human plasma in 


injected with 2.5 ec. of 


pany, imilar lot number. This assured 


similar 
in each aliquot used vial contained 
the equivalent of 5.0 ec 
dried form and wa 
the diluent supplied to yield a liquid form 
of double the human strength 

\ct 


vated plasma as used in the duration 


of action series Was prepared by the mye 
tion 2.5 ec. of 100,000 units per ce. concen 
tration of streptokinase solution into’ the 
vail, Gentle swirling allowed dissolution of 
the pla ma at 37°C in the water bath. The 


al was allowed to remain in the water bath 


for JO minutes 


I}. 


the 


ability of aqueous humor to activate plas 
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procedure is designed to test 


ninogen 


] Upon recovery by paracentesis, the 


aqueous humor specimen to be tested in 0.1 


cc, amount was added to O.2 of human 


plasma solution promptly. Incubation at 
37°C. for 30 minutes in a water bath fol 
lowed 

2. Then 0.1 ce. of this plasma solution 


was removed by pipette and idded to a test 


tube placed in the water bath containing 0.8 


} 


ce. of a O25 percent bovine fibrinogen solu 
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tion. These two solutions were well mixed 
by inverting the tube three times 

3. Next 0.2 cc. of a bovine thrombin solu 
tion in concentration of 200 units per cc. 
was added. The tube was again promptly 
inverted three the 
bath. A firm opalescent clot formed at once, 


times and returned to 
the dissolution of which was preceded by 
clearing of the opacity. Any failure of the 
clot to form promptly in this manner indi 
cated a defect in one or all of the component 
solutions and was best avoided by routine 
preliminary check of their coagulability. The 
time of liquefaction was readily appreciated 
and timed by a stop watch 

Control tubes contained 0.1 cc. of normal 
saline of the 
humor specimen. When tested in the above 
manner an average fibrinolysis time for 20 


solution in place aqueous 


separate specimens of streptokinase solu 
tion in concentration of 10,000 units per cc. 
was four minutes and 18 seconds with a 
range of three minutes, 26 seconds to four 
minutes, 52 seconds. In a concentration of 
5,000 units per ce. the average of 20 tests 
was eight minutes, 18 seconds with a range 
from six minutes, 48 seconds to nine min 


utes, 24 seconds. 


C, TIME-ACTIVATED PLASMA 


( PLASMIN ) 


Preliminary incubation of the aqueous 


specimen was not necessary here as this ts a 
test for presence of activated plasmin. 
reparation of the plasma injected was de 


scribed above. 

1. The amount of 0.1 cc. of the 
humor to be tested for fibrinolytic 
was added to 0.8 ce. of 0.25-percent bovine 


aqueous 
activity 


fibrinogen solution in a test tube and the 


two were well mixed by inversion three 
times, 

2. Bovine thrombin in amount of 0.2 ce. 
and of concentration 200 units per cc. was 
then added and the triple inversion repeated. 
A whitish clot similar to that described in 


the previous section formed and the end 
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point of fibrinolysis was read in the same 


manner. 


D. CLOT INHIBITION TEST 


This test was devised as a corollary to the 
fibrinolysis time and to test for the presence 
of free streptokinase. It is dependent on the 
action of free streptokinase on human fi 
brinogen which reduces the susceptibility 
of the latter to coagulation despite subse 
quent addition of excess thrombin. This is 
in accordance with results of Milstone.” 
Preliminary testing of serial dilutions of 
streptokinase solution showed that this pro 
perty is lost below a concentration of 3,000 
Tests 


to 3,500 units per ce were done on 


20 separate lots of streptokinase. 


1. Human plasma solution, O.8 ce., and 
0.1 ce. of aqueous humor solution to be 
tested were incubated together in a test 


tube placed in the water bath at 37°C. The 


control tubes contained 0.8 cc. of plasma 


solution plus 0.1 ce. of normal saline solu 
tion. 

2. Following this incubation, 0.2 cc. of 
bovine thrombin solution in 200 units per 
cc. concentration were added to each tube 
and thorough mixture assured by triple in 
version. Failure of the contents to coagulate 
indicated presence of free streptokinase in 


concentration above 3,500 units per ce. Re 


sults were recorded as positive or negative 


I. ANTISTREPTOKINASE TESTING METHOD 


This test 
kinase activity by a demonstration of re 


showed inhibition of strepto 
duced plasminogen activating efficiency 
1. The amout of 0.1 ce 


tion to be tested was incubated with 0.1 cc 


of aqueous solu 


of streptokinase solution of concentration 
20,000 units per ce. This continued for 00 
minutes at a temperature of 37°C. Control 
tubes contained this same concentration of 
streptokinase plus 0.1 cc. saline. 

2. Following this the total content of each 
tube was added to a tube containing 0.5 c« 
of human plasma solution and the mixture 
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incubated at 37°C. for 30 minutes in all 
cases 

3 At the end of this period 0.1 c. of the 
plasma mixture was drawn from each tube 
separately and a fibrinolysis time test for 


presence of activated pia nm 
described 


were recorded as previously described. A 


a per formed, as 


in Section | End-point times 


marked difference in fibrinolysis time of test 
aqueous and control was presumed evidence 
of antistreptokinase action upon the fibrino 
lytic system present. Control tubes contained 
O.1 ce. of al sal O.1 cc 


streptokinase solution of 20,000 units per ce 


norm ne plus of 


concentration 


Section II. Srupies OF OCULAR TOLERANCI 


rO STREPTOKINASI 


Intraocular injection of streptokinase in 
high concentration has caused an acute im 
flammatory re sponse ol the inferior seg 
ment, according to Jukofsk) This reac 
tron was cle cribed a the prompt onset of 
corneal edema with Ing degrees ot 
anterior chamber cellular reaction. These re 


actions were best evaluated at the eight hour 
interval and were | evere below 100,000 
units per fecause the upurities con 
tained in available treptol inase have not 
been isolated and estimated, it is difficult to 
evaluate their responsibility for this rea 


tion. To study the ocular tolerance of this 
agent, animal eyes were injected with vary 
ing concentrations as follow 

Following paracentesis, 0.2 cc. of strepto 
injected intracamerally 


Kight different 


kinase solution was 
into each of 24 rabbit eves 
concentrations were employed in range from 
200,000) units Each 


eyes. 


to 5,000 units 
ted 


per cc 


concentration Was injec into 


Previously described technique s and precau 


tions were employed. Observations were 
made of the degree and duration of corneal 
edema, this being the most obvious of the 


toxic reactions seen. ted eves Were Se 
tioned for further study. 


Table 2 


corneal opacification 


As shown 
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was most pronounced above the concentra 
This 


appears as a uniform steaming of the stroma 


tion of 50,000 units per ce reaction 
affecting the deeper layers first and clearing 
the 


often leaving 


from periphery in irregular fashion 


residual islets of opacity m 


the central areas for a few days, Biomicro 
scopic observation confirmed the appearance 
section showed 
1) 


anterior chamber 
the 


of and 
the 


with this 


edema MICTOSCOpK 


lamellar separation (hg associated 
In general, the 
had cleared by 


was ac omplished 


of flare 


time corneal 


reaction 


clearing was evi 


denced by absence biomicro 
scopic examination 

The relation of corneal clearing time to 
concentration was interesting and fairly con 
Ihe clearing time of the 100,000 units 
per e dose was about one half that of the 
200,000 No 


corneal edema or anterior chamber reaction 


tant 


units per concentration, 


were noted following injections below con 
centration of 50,000 units per 

Many impurity factors, as mentioned, are 
known to be present and to be more active 


of 


streptokinase 


in higher concentration 


solution 


— 


Fig. 1 (O'Rourke) 


orneal edema follown 


Photomicrograp . showing 


niracameral injection ot 


(250,000 unit 


treptokinase in high concent 


|| 
— 
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FABLE 2 
Ky ACTION OF OCTLAR TISSUP POLLOWING INJECTION OF STREPTORINASE INTO ANTERIOR CHAMBER 
Streptokinase Concentration (Units per cc 
200 000 150,000 100 000 75.000 50 000 25 000 10,000 5 000 


Opaque Cornea Clear Cornea 


Opacits Opacity Opacity y 4 


Day Days Days 
It 100 7 100 ; Cornea-opaque 
5 davs 
I! 100 6 SO 4 Cornea opaque 
50% 
5 days 
itt 100) 7 75 6 20 ; Cornea-clear 
\queous \que ous-cloudy 
clouds $ days 
7 7 75 7 Cornea-clear 
\queous clear 
\ 1Oo 6 75 7 oo 5 Cornea-clear 
\queous-cloud 
5 days 


\queous clear 


ive 
Clearing + 


~ 


Time (days 


* Each eye injected with 0.2 cc. of streptokinase solution. 
t Six eyes per each concentration of streptokinase. 


Hyaluronidase is the one impurity factor 
well identified and readily available for test 
ing purposes. Intense inflammatory response 
followed injection of this agent.’ *"* 

Intraocular injections were done with 
hyaluronidase solution to compare the reac 
tion pattern of the anterior segments 
A solution of hyaluronidase containing 
: 750 turbidity units per ce. was injected in 
0.2 cc. amounts into each of 10 rabbit eves 
Within two to four hours following this in 
jection, a corneal edema pattern similar to 
that seen with streptokinase was observed 
) 


( hig 
The anterior chamber reaction of iritis 


appeared as more severe, longer lasting, and 


more prone to syne« hia formation than was , , 
Fig. 2 (0(Rourke) Photomicrograph, showing 


streptokinase in highest concentration. The corneal edema following intracameral injection of 


clearing time of the corneal edema exceeded hyaluronidase in high concentration 


— 
No 
| 
- 
™ 
iu? ~ ~ ¥ 
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eight days in all eves. The amount of strep 


tococcal hyaluronidase present mm any given 


concentration of streptokinase solution 1s 


not kown. A comparison of its activity to 


that of bull testis extra ted hyaluronidase 1S 


also unknown 


Even with these limitations it is plausible 


to suspect that a great part of the anterior 


chamber and corneal reaction seen after im 


yection of streptok nase of igh concentra 


tion mav be related to the contained hya 


luronidase. Certainly the reaction pattern of 


endothelial damage 1s milar in each case 


It is further known that use of high con 


centrations of streptokinase in no way m 


intensity of — the 


creased the ol 


fibrinolytic proce This depends on the 


amount of activated plasminogen ( plasmin) 


prese nt at one tin 


Iexcess streptol inase assures only a max! 


mal rate ol act ition ot available 


pla minogen im the ubstrate and a surtable 


for clots of anterior chamber size can 


be found well below the toxic concentration 


range 1 he problet then becomes one ot 


maintamnmy this uitable exe ke spite the 


wjucous humor outflow 


II]. DurRATION OF ACTION STUDII 
Prel 
relumimary m vitro Leite ot trepto 
kinase fibrinolysis at body temperature have 


shown a time requirement of over one hour 


in all case Concentrations employed were 
within the | ts of ocular tolerance. The in 
hbrin ti wt t ot treptol nase 
within the rabbit eye 1 ubjected to three 
ting tactor which did not obtain during 
in vitro water bath studi These factors 
ire 


1. Constant dilution of injected strepto 
| 


kinase olution by nd eyre of 
Mucous hur 
2. Paracent of anterior chamber prior 


to lesion induction blood nrection) en 


courarves the inflow otra p i oid aqueous 


rich in a fibrin type refractory to strepto 


kinase action. Such fibrin by coating ex 


posed clot surfaces could inhibit interaction 
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with available streptokinase 

3. The possibility of a signihcant titer of 
antistreptokinase or antibody factors within 
the plasmon rabbit aqueous presence 
in animal sera have been mentioned by 

With such in mind a study of the duration 
of action within the anterior chamber was 
undertaken. Possible methods of prolonging 
it were also considered 

\n aqueous solution of streptokinase in 
concentration of 50,000 umits per ce. was 
injected into the anterior chamber of each 
of 48 adult rabbit eyes, followmg pre 
liminary paracentesis. The average fibrinol 
ysis time for 10 separate aliquots of this 
solution of streptokinase prior to myection 
was three minutes 38 seconds, The amount 
niected into each eye was O.2 cx 

Paracenteses were performed at caleu 
lated intervals up to three and one half hours 
\ tibrinolysis time determimation was pet 
formed on 0.1 ec. of each specimen promptly, 
as previously described 

Clot inhibition studies were done also on 
the remaining portion (about O11 cc.) of 
each specimen of aqueou humor \ nega 
tive result indicated the absence ot trepto 
kinase above a concentration of 3,500 units 
per cc. and was used as a test tor the pres 
ence ot streptokinase above that level 

Chart 2 shows that, following the imye 
tion. significant fibrinolytic activity is lost 
well before one hour has elapsed. The 
fibrinolysis time of one hour's aqueous 
humor specimen was 20 to 25 times as long 
(64 to 86 minutes) as that of the solution 
prior to injection three minutes, 38 seconds 
Che function of clot inhibition was lost in 30 
to 45 minutes. This represented a rapid loss 
of fibrinolytic activity and did not approx! 
mate the required in vitro clot dissolution 

Prolongation of the activity within the 
anterior chamber was considered next 
\queous humor outflow was inhibited by 


the injection of human whole blood and ex 


cess bovine thrombin into the anterior 
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Chart 2 (O'Rourke). Comparative duration of 


anterior chamber fibrinolytic function 


chamber after paracentesis. A condition of 
acute secondary glaucoma developed in each 
eye within one hour 

Forty-eight eyes were so injected; 48 
opposite eyes served as controls, and were 
subjected to simple paracenteses at this 
point. Two hours following these steps, ten- 
sions were recorded on all eyes using a 
Schigtz tonometer. A second paracentesis 
was done and each eye injected with 0.2 cc. 
of streptokinase solution in concentration in 
50,000 units per cc. The preliminary fibri 


nolysis time of this solution tested 10 sepa 
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rate times was an average of four minutes, 


two seconds. 
At 


tions, 


30-minute intervals following these 


aqueous humor was recovered 
from each of two glaucomatous eyes and 
two control eyes, and tested The results of 
such are shown in Table 3 

Comparison showed a significant prolon 
gation of fibrinolytic activity when aqueous 


It 


ing that in no case did streptokinase inje 


humor outflow was impeded is interest 
tion limit or retard the glaucomatous process 
instituted the with 
clotted blood 
synechias frequently seen in histologic se 


by angle blocking 


human Peripheral anterior 
tions may explain this 

It was evident that the streptokinase solu 
tion injected was rapidly dissipated by aque 
ous humor dilution and outflow. The effect 
of injecting a more viscous medium was 

The that 
proteins molecular 


studied possibility plasma or 


serum of large size 


would not be removed so readily by aque 
ous humor outflow was considered. If such 
a plasma solution were activated by pre 
liminary incubation with an excess of 
streptokinase prior to injection, prolonged 
activity could result 


As 
treated will not clot 


previously mentioned, plasn a so 


In vivo studies of such 


TABLE 3 


EPrect OF SECONDARY GLAUCOMA ON AQUEOUS FIBRINOLYSIS TIM 


Tension (Schi@tz) 


ibrinolysis Time ( 


lot Inhibition 
(minutes) 


= £ Glaucoma Control Glaucoma Control Glaucoma Control 
Es 15 56 16 7.5 6.3 + 
44 14 8.6 18.8 
| 45 48 20 17.0 42.0 + 
32 18 19.0 84.0 
cE 40 15 26.0 136 
120 19 0.0 200 
150 64 1S 418.0 320 
Se 180 42 20 110 380 
aft 210 © 23 146 $20 
6240 18 418 Neg 
12 he 
270 15 40 Neg 

12 he 


* Each time interval represents 


average values of four glaucomatous eyes 


(OS) and four control eyes (OD 


130 
* 66 ¥ | 
activatt 
tae 
180 \ 
‘ 
2404 
7704 \ 
4 \ 
8004 
‘ \ 
9304 \ 
$404 \ 
$907 
4204 
\ 
0 18 20 30 40 60 
Asoiration Time Hours 
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following injections of 


Each of 70 rab 


activity done 


0.2 ex 


were 
of activated plasn a 


bit eves were so injected atter paracentesis 


At 30-minute i rvals, specimens of aque 


ous humor were recovered from each of 


four eyes. Fibrinolysis time studies were 


dene on 0.1 ce each 


described in the 


portions ol specimen 


previous section 


\s shown in Chart 2, a considerable pro 


longation of anterior chamber fibrinolytic 


activity resulted. Clearing of anterior cham 
ber opacity occurred in about one hour, but 
fibrinolytic action remained be 


hours No 
method 


significant 
tension im 
Clot 


two to 


tween four and six 


rease was noted with this 


inhibition ability w: retained for 


five hours 


Section IV. ANTISTREPTOKINASE ACTIVITY 


Tillet®® 


serum 


Early in his investigations, was 


able to 


show an increase of anti 
in patients afflicted with 
tions. He 


severity of the 


fibrinolytic activity 


hemolytic streptoceal infe 
lated that the 


related to the 


Spe cu 
infection was 
balance of antihbrinolyti 


versus fibrinolytic factor 


Streptokinase is known to be antigenic 


has 


a 


increase im specific anti-enzyme ltter 


followed its administration, clinically 


t'* has 


present 


( sine response to be 


significant 
amounts 


Because such factors are of protein na 


ture and are found in the blood the possibil 


ity of their presence in rabbit aqueous 


humor under conditions of the preceding 


studies was investigated. An effort was 


made to determine the influence such factors 


would exert on the concentrations of strep 


tokinase employed. The following methods 


were use d 


Twenty adult white rabbits were given 


bilateral anterior-chamber injections of 
streptokinase solution of 200,000 units per 
The 


peated in seven days 


cc, concentration injections were re 
\t five-day intervals 


thereafter, aspirations of primary aqueous 
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humor by paracentesis were done, Groups 
of eight eves were aspirated on the 5th, 
10th, 15th, 20th, and 25th day 


after this, a second paracentesis was done on 


lwo hours 


the same eyes to obtain the more viscid and 


often clotted plasmoid aqueous. Each aque 
ous sample was promptly tested for anti 
according to 


streptokinase steps 


described in Section II, EF as antistreptokin 


activity 


ase testing method 
his 


minogen 


was essentially a test of the plas 


activating ability of a standard 
concentration of streptokinase after its in 
suspected to 


After the 


cubation with aqueous humor 
contain antistreptokinase activity 
interaction of aqueous humor and strepto 
kinase had been permitted, the mixture was 
added to an equal amount of plasma to be 
the 
as evidenced by its fibrinoly 


activated. The degree of activation of 


plasma sample, 
sis time, was taken as a measure of anti- 
stre ptokinase activity of the aqueous humor. 
Eight controls in which saline replaced the 
aqueous humor were simultaneously imeu 
bated for each time interval 

The results plotted in Chart 3 


a significant increase of antistreptokinase 


indicate 


activity present in the plasmoid aqueous 
Pri 


mary aqueous humor showed little such ac 


humor beyond the five-day interval. 


tivity. It appeared that high concentrations 


Aqueous 


vey Pr mary Aqueous 


we 


BRINOLYSIS 


Each tar * average of eyes 
interval of aqueous humor e@ithérawa! after mjection 


200,000 U/ 


Prolongation of fibrinolysi 


antibody factor 


(O'Rourke). 
time by 


Chart 3 


= 
— 
z 
| 
o 
+ af 4 
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‘ 
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of streptokinase such as comprised the intra 
ocular dose used here were capable of elicit 
ing This re 


sponse in the plasmoid 


an antigenic serum response 


was demonstrable 
aqueous. Such activity was not present be 


fore the five-day period 


The antigenic dose injected here was 
five times greater than the contemplated 


therapeutic dose of streptokinase. The de 
velopment of antibodies required about five 
davs to become manifest. Such results might 
indicate an objection to repeated imyections 
Similar studies done with concentration of 
50,000 


activity demonstrable by these methods 


units showed no antistreptokinase 


Section V. TREATMENT O1 


EXPERIMENTAL LESIONS 


The final segment of this study dealt 
with treatment of experimental lesions of 
the With the 
limitations lesions 
within the rabbit eye to produce a suitable 


anterior chamber foregoing 


in mind, were created 


substrate for streptokinase fibrinolysis 
Simple hyphemas were induced by the 


injection of whole human blood, as de 
scribed in the section on methods. Right 
series of 10 rabbits each, were so injected 
giving a total of 100 eyes of which 80 


served as untreated controls. Series bearing 


odd numbers were subjected to aspiration 
of anterior-chamber contents, four hours 
after injection of the streptokinase Those 


of even numbers were not so treated 

In all treated eyes the first step consisted 
in injection of 0.2 ce, of stre ptokinase solu 
tion of concentration 50,000 units per cc An 
equal amount of sterile saline was injected 
into the oposite eye of each animal. These 
served as controls, The periodicity of treat 


aspiration varied w ith 


the 


ment by injection oF 


each = series according to following 


scheme: 
Series I. Simultaneous administration of 


streptokinase and blood with aspiration at 


four hours. 


Series Simultaneous administration 
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of streptokinase and blood without aspira 


tion 
Series [1]. Administration of streptokm 
ase at four with aspiration at eight hours 
Series IV. Administration of streptokin 


ase at four hours without subsequent aspira 


thon 

Series | Administration of streptokin 
ase at eight hours with aspiration at twe lve 
hours 

Series VI. Administration of streptokin 


at eight hours without subsequent as 


am 
piration 

Series VII. Administration of streptokin 
ase at twenty four hours w th aspiration 
at 28 hours. 


Series Vill 


at twenty four hours without subse 


Administration of strepto 
kinase 
quent aspiration 

The four-hour interval between injection 
Chart 4 f 


clearing time 


in showed definite shortening ¢ 
all series in which aspira 
The 
show 


Their 


organized anterior chamber contents made 


m 
injection 
did 


a similar reduction of clearing times 


tion followed streptokinas 


saline-injected control eyes not 


aspiration difficult, unsatisfactory, and im 
complete. 
All 


showed a reduced clearing time 


treated with treptokinase 


eves 
when com 


pared to saline treated controls, The rapid 


clearing time of hyphemas induced by 
| CONTROL 
wiTHOuT ASPIRATION Coo 
84 
67 a? 
a4 4 
$4 46 
a? 
fo) 44 
s4 
24 
starts | 
interval of 4 2 
tantous "es nes 
Treatment 
Chart 4 (O'Rourke). Treatment hyphema 
with and without aspiration 
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administration of streptokinase 


that the 


multaneous 
and blood may be clue to the 


mixture failed 


tact 
failure of the 


mixture to clot lue to the anticoagulant 


iction ot streptot nase im 


concentration ex 


3,500 units per cc. when incubated 


ceeding 
with human plasma at body temperature for 


10 minutes 


DiscUSSION AND SUMMARY 


\n itten pt has been made to evaluate 


the enzyme activating agent, streptokinase 


with regard to a possible therapeutic role tor 


intracameral hemorrhage \mong the as 


pects studied were the development of ana 


lytic methods of the fibrinolytic function ot 
aqueous humor There followed in ordet 
consideration of toxicity, duration of action 
prolongation of actior intigenic response 


finally the treatment of experimentally 


ind 
induced h phen i 


\nalyti 


ndar 


methods carried out on primary 
Sssary 
Pech 


stre ptol m 


were a 


and 


pre 


niques for the 


aque ous 


lude to the latter roup of tudes 


detection of 


ise and for active pla n were described 
Further preliminary studi erved to con 
firm the necessity ot employ ng human 


blood as a testing sub 


In vitro studi of clot dissolution time 
demonstrated the increased rate of fibrinoly 
sis associated with an increase of incubation 
temperature ierease was yvreatet than 
that obtained by ra ne the treptok hast 


concentration I he concentration of trepto 


part in changes 


sible to 


kimase appeare l to play little 
of fibrinolysis time. It was not po 
increased tempera 


the 


efiects ot 


corrobor ite the 


anima! obset 


ture in experimental 


vation remains an in vitro on 


Toxic reactions noted apy ired confined 


to the eve and were not observed below the 


concentration level of 50,000 units per c 


The change 5 observed were corneal edema 


with transient anterior uveitis. No perma 


nent changes of any form were noted within 


the anterior ind the duration of 


segment 
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changes was im approximate proportion to 


the concentration injected \ similar though 


more severe rr observed followmeg 


POtise 
injection of hvaluronidase suggested that this 


streptokinase prepara 


contaminent of the 
tron may bee re spon ible tor the toxic eftects. 
shown that a 


studies have 


500000) 


Preliminary 


units per iS 


concentration ot 


sufficient for dissolution of an = anterior 


chamber-sized clots m vitro, at body tem 


perature 


Perfusion of the anterior chamber by 
injected 


for the 


tlow appeared to remove 
treptokinase solution too rapidly 
desired eftect 


lytic activity that followed induced secondary 


The prolongation of tibrine 


the role of 
regard \! 


induced 


glaucoma seemed to confirm 


humor flow thi 


vl Wa 
blood 


vlaucomatous 


though the secondary 


by a thrombin and injection, no al 


leviation of the process fol 
lowed streptokinase injection 

anterior 
effected 


| double 


\ significant prolongation ot 


chamber fibrinolytic function was 


by the a viscid medium 


myection of 


strength human plasma solution activated 
by incubation with streptokinase remaims 


within the chamber for over four 


The 


mixture Was 


present 
amount of streptokinase in this 


This 


and therefore caused no ob 


hours 
mnocuous mixture wa 


not coagul ible 


truction to aqueous flow. No rise im intra 
ocular pressure occurred with these intra 
cameral injections in spite of the high 


prote im contents 1 he pre sence ol high pro 


hambe r may dispose 
pre 


way analogous to eyes with anterior uveiti 


tein level within the 


to a reduction of intraocular sure im a 


according to Adler.’ 


factors 


\ntistreptokinase could be dem 
onstrated in the rabbit aqueous humor after 
the 12th day 


They were only 


following imutial treptol 


injection ignificant in pla 


moid aqueous and did not appear likely to 


oltset etfectiveness ol recommended thera 
peutic concentrations of streptokinase. No 
such antistreptokinase factor vere demon 
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strated in aqueous humor of animals previ 
ously unexposed to streptokinase. 

A treatment series of experimental hy 
phemas with streptokinase with and without 
aspiration was evaluated. A slight reduction 
of clearing time was noted in eyes tre ated 


without subsequent aspiration. A more ap 
that 


were aspirated because the partial dissolu 


parent reduction was evident im eyes 


tion of the clot rendered it more sus eptible 
to aspiration. In general, the performance of 
streptokinase solution was not dramatic for 
the clearing of experimental hyphemata. A 
longer lasting agent 1s to be sought 
In spite of these observations, the poss! 
bility of anterior-chamber debridement by 
these enzymes is still theoretically plausible 
This is based on the prolongation effect of 
the viscid protein medium There is also the 
possibility that pure plasminogen may some 
day be available for activation by a minimum 
of free streptokinase. This would represent 
the maximum of fibrinolytic activity possible 


per unit weight Extraction procedures 


for plasminogen isolation has been de 


scribed®*** but were not successfully ap 


plied in this study. 


Section VIL. CONCLUSIONS 


1. Clots of rabbit blood were not suscep- 
tible to fibrinolysis by streptokinase. 

2. Human blood was the most suitable 
substrate for in vitro and in vivo testing. 


3. Significant reduction of fibrinolysis 


time with increasing temperature was dem 
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onstrated in vitro 
4. Above a threshold level, 


streptokinase conce ntration appeare d to have 


mcreases of 


little effect upon the fibrinolysis time of 
standard clots 

5. The anterior chamber of the rabbit eye 
tolerated concentrations under 50,000 units 
of streptokinase per cc. 

6. The toxic effects which followed imtra 
cameral streptokinas: injection, in concentra 
tion exceeding 50,000 umits per cc., may be 
due to its hyaluronidase content 


7. Streptokinase solution failed to remain 


in significant concentration within the an 
terior chamber for longer than one hour 
alter injection. 

&. Streptokinase was retained in the an 


terior chamber up to tree hours by obstruct 


ing the outflow of aqueous humor. 


Y. Fibrinolytic activity was prolonged 


four to SIX hours by the intracameral in 


yection of activate d plasn a 


be demonstrated in plasmoid, 


The antistre ptokinase tactors could 


but not in 
primary, aqueous humor 12 days after initial 
intracameral injection of streptokinase 

11. A slight reduction in clearing time of 
hyphemata was induced by anterior chamber 
streptokinase injection without associated 
aspiration. 

12. The clearing time of hyphemas was 
further reduced by aspiration following 
streptokinase injection, 

National Institute of N eurological 


Diseases and Blindness | 14) 
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[Discussion 
De Arson | About five years ago kinase and streptodornase I e used it 
when | was at Bellevue | used streptokinase at the number ot r ‘ conjunet t the most 
iwwestion oft Tillet nel | roup. We tried ce ire met ram netivit 
treptokinase in rabbit it produced very little wi h there 1 i met ran the if 
inflammation m the anterior chamber of the rabbit treptoku e will dissolve the met t Fi t 
ye in spite of the addition of the plasma tactor times will maintain it at a fluid level quite 
from the human while. Some of you may remember © t 
I put human blood inte the anterior chamber of eases of conjunctivitis in which streptoh e al 
rabbits’ eve ind. although human blood does not treptodornase were use ! 
remain too long in the anterior hamber of rab It is a susbtance derived m the streptoco 
bits’ eves, it will remam tor a tine Phen, myecting organism, It produces a ver evere react w hie 
treptokina ec and streptods rnase und of course ny vit It produce ome react 
hoth go towether along with a number of other if the ‘ t it ‘ " 
ynpurities that Dr. Rourke ha entioned, we antiger propert | t t its re t ‘ 
produced a very n ild inflammation in the rt ibbit’s evere in the human that pr bal t lr 
eye, and were able to dissolve the clot that forn ed he used in the eyes ol man bei i pres 
However, the difference in the time of absorption form 
of human blood from the anterior chamber ot 1 have enjoyed hearing this paper I was n 
rabbit eves was, to my mind, the same as the rate ure from the paper whether Dr. O'R ‘ ‘ 
of absorption without the addition ot streptokinase rabbit eves or human eyes t ke experiment 
and streptodornase, At the insistence of Dr. Tillet work. I presume it was rabbit eye from 1 
we had five human eyes with various amounts ot amount of reaction he got 
blood in the anterior chamber, one contaming a4 De. O'Rourke (closing): I want t thank D 
good deal of pus, which was awaiting enu leation Bralev for his helpful criticism and ret | 
I thought it worthwhile to inject strept: kinase and = =conte to being unaware of his prior experies 
streptodornase solution in concentrations never with intraocular streptokinase 
above 5,000 units of streptokinase and the equiva Our studies as completed within the rabbit ¢ 
lent ot onl shout 200 unit 0 treptodorna e om led u to heheve the went too irritating r i 
the preparation that we had at that time within the human eye Anticipated future wor 
All of these eyes re ulted in a very severe Set will include at ttempt to activate the pla 
ondar glaucoma, aml we trie 1 to relieve this containing euglobulin fraction of plast Su 
secondary glaucoma by rep ted paracentes Some activated 1 ted fraction 1 represent . 
of these paracenteses were done many times as pla n fibr lyt tivity as imitated ! 
every hour m order to remove flu trom the eve mal, nomrritating ar mt of streptokn ‘ ‘ ! 
The reaction, | must say, ¥ extremely severe, to a low critical level, increase of strept kinase 
the pot that w uld certan hesitate ever to centration iffect om the e but not the eut 
tise treptokina ml trept lornase in the form ot plasminogen wtivation M 
that it is in at the present time m the anterwr tive. however, and we have 1 inthe | hts « 
chamber of human eyes the subject at the present time 
In spite of the very low « neentration, the cornea As t the nature ot our pla t prepa! 
hecame and econdary glaucoma was very We had mo pla preparation tte pt 
severe fractionation of plasminogen ft whole | 
Phe next thing I tried streptokinase and strepto were no* successful. Our activiated | 
dornase for was in lacrimal sa in which there tion employed louble strength powdered 
was a good deal of fibrin-like material in the sac plasma (Sharpe and Dohme, Lyovac) which 1 
Streptokinase was injected again in low concen plied for use with thros bin in the preparatior 
tration in an attempt to irrigate it out This also physiologic glu Prelimimary 1 ition of tl 
resulted in a very severe reaction, and in one case with streptokinase gave us a viscou plasma 
externally tion whose plasminogen was activited af 1 well 1 


the sac pointed and had to be opened 
Where have I had the best results with strepto 


tained within the eve 


todornase im the 
e 


THE CYTOLOGY OF EXTERNAL OCULAR DISEASE* 
SaMueL |. Kimura, M.D 
m ivan , Califorma 
AND 
Tnyceson, M.D 
san Jose, California 
In recent years the study of isolated cells California Hospital and in the course of 
removed by the crapimeg o lesions im situ private practice were subjected to examina 
has received considerable attention. Papani tion. Lach case was studied completely in 
colaou' and his associates have made exten accordance with our routine external disease 
sive studies of this exfoliative cytology, and vorkup which includes the analysis of 
Blank et al ind Balas dye ind’ Leeb® have blood wat and mannitol agar plate cultures, 
dese ribed ciagnostica reliable cvtologn the micro copie examination of crapings 


‘ irs taken d rectly trom 


ucdies 


finding 
( mn the 
Herbert 


tival 


ular 
clate 
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tol 


fro bservatie 


and mt a conrum Cosine 


phila wa with vernal 


catarrh 


In 1946 one of u )” presented be 


tore this se nary report im 


which the | 


“ 


ulbyect a re 


viewed and evidence submitted of the value 


or tologn conjunctival ex 


udates in the differential di of ocular 


wno 
il 
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ind 
the 
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infections of both known 
etiolog 


ott rec 


tort 
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re mater 


zed ith 


further experience 


\lso presented are a number of new obser 


vations on the cytology of ocular tumors and 


mized ocular 


of 


recently 
the 
AY 


i 


of certain recog 


trons such as kerato 


d 
infl imi 


conjunctivitis, 


vitis and several due to 


fungi. 


MATERIA! AND METHODS 


In the study reported herewith, ocular 


ved } the 
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crapings from case 
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trom the hd margins and conjunctiva, and 
the 


imp 


the clinical examination ions with 


the 


corneal 1 CTOSCOpM ind 


In our experience the Giemsa stain has 
proven to be the best stain for the prepara 
tion of scrapings tor cytologic study, It was 
used routinely and was prepared and applied 


according to the the 


earlier pap 


technique cle eribed 


ERVATION 


CELLUI 


all 
there were special cells (tor ex 
1), 


multinucleated « p 


AR REACTION 


leukocyte 


addition to the known types oft 


altered normal 


ilig 


ample, yoblet CES 


cells (for example large, 
thelial cells 


and keratinized epithelial cells ) 


and abnorn al nurnbe rs 


(fig. 2), of macro 
phages (fig 3) that were found to have 
definite diagno tic Significance 

SIGNIFICANCE A NEUTROPHIL REACTION 


\ neutrophil reaction is the most frequent 
conjunctival reaction to all but two bacterial 


infections, to all the infections due to viruse 


of the Chlamydozoaceae familys (trachoma, 


inclusion conjunctivitis, lymphogranuloma 


venereum), and to such fungus diseases as 


stre ptothrix conjunctivitis econdary fo can 


aheulits ind nocardial and monilial corneal 


uleers. Several diseases of unknown et 
ology (for example, erythema multiforme 
and Reiter's disease conjunctivitis) are also 
characterized by t poryiie rphonu lear cell 


_ 
In 
revised in the light of (iy 
the Department of almolog 
the Fras 1. Proctor Foundation for Research in 
Ophthal University of ¢ ol 
ported in part by tus from My 
|_| 
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cells 


from 


Thygeson). voblet 
Drawing 


and 
scraping 


Fig. 1 (Kimura 


from conjunctival 


Giemsa-stained epithelial scraping 


exudate, In vernal conjunctivitis, a bacteria 
free disease that 1s most certainly allergic 
in origin, there 1s a neutrophil reaction m 
addition to the characteristic eosinophilia. 

It was noted in epidemic keratoconjunct! 
vitis and herpetic keratoconjunctivitis that a 
mononuclear cell reaction would change to 
a predominantly polymorphonuclear cell re 


action when a membrane formed. 


SIGNIFICANCE OF AN EOSINOPHIL REA‘ TION 


The eosinophil is the characteristic cell of 


allergic inflammation In the course of this 


Fig. 2 (Kimura and Phygeson) 
epithelial cells from conjunctival scraping 


ing from Giemsa stained epithelial scraping 


Draw 


Keratinized 


rHYGESON 


study it was demonstrated in cases of vernal 
conjunctivitis, hay fever conjunctivitis, and 
allergic conjunctivitis due to various drugs, 
cosmetics, and other sensitizing antigens. A 


characteristic fragmentation of the eosino 


phil was observed in conjunctival scrapings 
from vernal conjunctivitis Although not a 


pathognomonic sign, this fragmentation 1s 
valuable in differentiating vernal conjunc 
vitis from hay fever conjunctivitis in which 


it rare ly occurs; 


when coupled with the 
of vernal conjunctivitis, that 
and the 


in fact be diag 


clinical signs 
is, the presence of giant papillae 
absence of hay fever, it may 
granules are 


nostic. The free eosinophilic 


more abundant in severe cases of vernal 


conjunctivitis than in mild cases 
Eosinophils were demonstrated im atro- 
but not im 


This 
the 


pine-sensitty ity conjun tivitis 
conjunctivitis 


that 


eserine or pilocarpine 
strongly 


would seem to suggest 


latter two types are toxi rather than allergy 
REACTION 


SIGNIFICANCE OF A BASOPHII 


fasophils (fig. 4) in conjunctival serap- 


ings and smears are significant only when 


seen in large numbers. Like eosinophils they 


Macrophage 


(arrow) 


Fig. 3 (Kimura and Thygeson) 
(Leber cell) 


Drawing tron 


from trachoma scraping 


Giemsa-stained scraping 


— 
: 
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1] 


are characteristic of allergic inflammation, 


rg 
and particularly of vernal conjunctivitis; in 


scrapings from this disease they are occa 


sionally more abundant than the eosinophils 
SIGNIFICANCE OF A MONONUCLEAR-CELL RI 


ACTION 


Mononuclear cells are the predominant 
cells in the conjunctival scrapings from con 
junctivitis due to, or suspected of being due 


to, a typical virus. In the absence of second 


ary infection, an almost 100-percent mono 
lym 


nuclear cell dominantly 


response, pre 
phocytic, is found } ic keratocon 
junctivitis, herpetic keratoconjunctivitis, and 
the acute Beal. 

Two recently described virus diseases of 
Newcastle disease 


and the “Greeley disease 


follicular conjunctivitis of 


the eve, conjunctivitis 


both produce a 
mononuclear cell exudate 
he cells comprising the mononue lear cell 


exudate were found to differ from disease 


to disease. The predominant cells were small 
lymphocytes (fig. 5) in some diseases, mono 
cytes and large lymphocytes in others. The 
these differences 


We are 


investigating this point because of the pres 


diagnostic significance ot 


if anv. has vet to be determined 


(Kimura and Thygeson). Small lympho 


tival from 


trom conjum rapings 


Beéal 


Drawt 


folheular conjunctivitis ot 


large lymphocytes 


abnormally 
') in the blood of patients with 


ence ol 
“virocytes 
virus diseases." 


Various systemic 


SIGNIFICANCE OF PLASMA-CELL REACTION 


Plasma cells are present in conjunctival 
scrapings from trachoma (fig, 6), and with 
in occasional exception from trachoma only 


Why they are 


not seen more frequently in 


Plasma cells 
scraping 


(Kimura and Thygeson) 


Ph togra] 


hig. 6 


(arrow) from conjunctival 


® 
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ol conjpunetiy il scraping tres ke miyunectivil 
howing keratinizing epithelial cells and 

mucous strand 

other conjunctival serapings ts indeed a 


mystery lor some une xpla ned reason the y 
do not cross the epithelial barrier except m 


rupturing 


with spontaneous 


connection the 
of the follicles that occurs in trachomatous 
As noted by Papanicolaou,’ this 1s 
in sharp contrast to the 


appearance of plasma cells ubepithelially in 


necrosis 


almost constant 


chronic infections 


SIGNIFICANCE OF EPITHELIAL CHANGES 


Keratinization of conjunctival ithelial 


cells (fig. 2) is always pathology When 
keratinized cells are seen im conjunctival 
they furnish chiagnosti evidence 


scrapings 
\ dehmency, ciatriza 


tion, keratoconjunetivitis 


of vitamin exposure, 


icca, or epithelial 


plaque 
Keratoconjunctivitts 


part ota 


yeneralized dryness ot the mucous mem 


branes of the body. The epithelium ts never 
fully keratinized as it is in vitamin-A de 
overgrowth of 
Corynbacterium the cells. The 


epithelial cells from an advanced case contain 


ficiency, nor is there an 


xerosis on 


keratin granules in the cytoplasm and there 


are degenerative changes im the nucle: (hg 
7). Serapings contain an abnormally large 


number of goblet cells and usually a large 


amount of mucus. If there ts secondary in 
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fection, polymorphonucleat leukocytes are 


also prese nt 


Epithelial plaques are localized conjun 


tival lesions in which an exce of cells has 
undergone surface keratimization to torm a 
thick horny layer ot flattened cell Ie 
ratimized epithelial cells are therefore also 


characteristic of scrapings from conjunct al 


epithelial plaque Three cases ot epithelial 


jlaque of the bulbar conjunctiva, simulating 
g 


in each case a Litot’s spot, were ob erved in 
the course of this study 

Differentiation from the Bitot’s spot ot 
vitamin-A deficiency was made on the basis 


absence of other signs of vitamin \ 


of { ] 
therapeuti 


deficiency and (2) absence ot 


response to vitamin-A administration bp 


thelial 
keratinized epithelium 
The « 
that oft 


rons contain d 
diph 


pu ture was 


scrapmgs from the Ie 


and numerou 


theroid bacilli 


identical with the hyperkeratoti 


vitamin-A deficiency. In the two 


the 


lesions ot 


cases in which plaques were removed 


surgically, microscopic examination con 


firmed the diagnosis 
Large, multinucleated epithelial ce ls (hig 


charactet 


8) in conjunctival scrapings are 
istic of viral infection as Oppo ed to ba 
terial infection, The same large cells have 


ilso been noted in serapmgs trom vit il kera 


dendritic keratitis, but not 


for xample 


titi 


on). Large multi 


(Kimura and Thyge 
nucleated epithelial cells meray 


of herpetic keratitis 


ig 
scrapings 


YTOLOGY OF 


keratitis. Al 


though found most often in herpetic kerato 


In scraping from. bacterial 


conjunctivitis, these cells are not signficantly 
characteristic to indicate anything more 
spec fic than a viral et ovy 

Pigment granu of two types (hig 9), 
irge and i were noted im the epithelial 
cells of the conyjunet lhese are normal 
components and are seen more frequently in 


the pigmented races lo the uninitiated, how 


they can easily ln taken for melu 


sion bodies, engulfed bacteria, or rickettsial 
bod Unstained the ire brown in color, 
but stained with Ci t they assume a defi 
nite blue-green tinge ind can be recogmized 
easily ind different ited from other cell 
inclusion 

CYTOLOGY ¢ CER 


reporte 1 on the etiology of corm il ulcers 


It was shown that mm almost every Case an 
etiologi ad wnos could be ba ed on the 
examimation of scrapings [ron the advan 


edgy of the ulcet pneumococeu 


ing 
was in the past the most frequent Cause ol 


central corneal ulcet 


Since the advent of the sulfa drugs and 
the antibiots however, only a very Tew 
pneumococct cas ire eon and corneal 
ulcers are on the whole uncommon today 


Vrobably as a result ot the use of antibiotu 


organi ms of low virulence and pathogen ity, 


uch as fungi, are now more frequently 


found to be causal 
Iwo cases ot nocat lial corneal ulcer fol 


lowing a corneal foreign body were diag 


nosed from an examination Of scrapmg 


ly from the 


taken direct idvancing edge of 
1" onihal corneal 
Both 


virulence 


and one case of 
uleer was diagnosed im the 
Nocardia and Monilia are 


and have been almost unknown in the past 


the ulcer, 
ame Way 
low im 
corneal ulcet from 


as causes ol scrapings 


all three cases showed an ibundance of poly 
morphonuclear leukoevtes in 


micro-organisms 
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Phot graph ot 
il epithelial cell 


Fig. 9 (Kimura and TI 


conpunctuy 


yeeson) 


It is of interest that a neutrophil reaction 
was observed in scrapings from three cases 
of ulcer due to the Diplobacillus of Petit but 
non 


Diplo 


not im scrapings trom the definitely 


wovenic conjunctivitis due to the 
] 


bacillus of Morax-Axenfeld. Serapings from 
trachomatous corneal uleers and catarrhal 


ulcers both produced polymorphonu lear cell 
from phiyctenular 
cell 


from herpes 


reactions and serapimg 


corneal uleers a mononuclear reaction 


As noted above, direct 


implex corneal ulcers containe da significant 


craping 


number ot multinucleated epithelial cells 


Scraping from a tew case at Mooren’s 


were ¢ xamined but the cvtologu pr 


ulcer 


ture Was in no way characterist« 


(CYTOLOGY OF EXTERNAL OCULAR TUMORS 


Rowen's disease (intraepithelial epithel 


oma, carcinorna in situ) of the cornea and 


conjunctiva Wal subjected to evtologu 


Abnormally large epithelial cell 


een, many of them with sign 


mnination 


(fig. 10) were 


of partial keratinization., (Ine case had been 


treated as a keratitis of unknown etiology 


for five years confirmed the diag 


nosis of Bowen's disease 


Volluscum contagiosum, Curettings trom 


a suspected molluscum contagiosum nodule 


were smeared on a slide, tained with 


Giemsa, and examined, Typical molluscum 


+. 
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Large epi 
scrapings trom 


Fig. 10 (Kimura and Thygeson) 
thelial cells 


conjunctival Bowen's disease 


Drawn from direct 


cells (fig. 11) filled with virus particles (hg. 


12) were readily identifiable 


Infectious warts of the lid margin were 


scraped and the 
cytologic picture had no diagnostic value 

Squamous cell carcinoma scrapings con 
tained only keratinized epithelial cells and 


had no ciagnostt value 


Fig. 11 (Kimura and Thygeson) Molluscum cells 
Drawing of a histopathologic section. 


scrapings examined, The 


contaming cel Phot 
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; 


<. 


3: 
sh 


Fig. 12 (Kimura an 


virus particle expressed trot it luscur 


Loeffler’s flagella stain 

Pyogenic granulomas of the lid margins 
were scraped and the scrapings studied cyto 
logically ; they were loaded with polymorpho 
nuclear leukocytes 

Conjunctival melanoma, t-xamination ot 
direct scrapings from two cases of conjun 
tival melanoma revealed an abundance ot 
large, melanin-containing cells (fig. 13). The 
nuclei of these cells were large and had very 
prominent mut leoli. The amount of melanin 
varied but the cytoplasm of most of the cells 


was loaded with large and small pigment 


13 (Kimura and Thyges 


Fig 


grapl 


conjunctival melanoma 


| 
ER, | 


CYTOLOGY OF 


particles. The diagnosis in both cases was 
evident clinically and confirmed histopatho 
logically after surgical removal of the 


tumors 


ubstantiate the 
Neis 


\lorax 


The results of this study 


previous conclusion that except Tor 


seria catarrhalis and diplobacillary 


\xe nite ld 


bacterial 


infections of the conjunctiva, all 


infections produce a polymorpho 


nuclear cell reaction. The viruses of the 


Chlamydozoaceae family were also pyogeni 


Like the streptothrix conjunctivitis second 


arv to a canaliculitis, both nocardial and 


monilial keratitis were characterized by a 


polymorphonuclear cell reaction 


Che demonstration of a mononuclear cell 


reaction considered significant in diagnos 
ing a typical virus infection or a disease 
probably due to a viru uch as acute follu 
ular conjunctivit Béal. Herpes-simplex 
virus, the virus of epidemic keratoconjunct: 
vitis, and the virus of molluscum contagio 


sum all 
had 


when correlated 


induced a lymphocytic reaction 


which considerable diagnostic value 
with clinical and bacterio 
logic findings 


Very 


lymphocytes 


little is known about the function of 


and the mononuclear cells in 


pene! il. I mphoc vte have very httle phago 


cytic powe! and yet a great migration ol 


them occurs in chronic inflammations. Round 


cell 


athy are 


infiltration and regional lymphadenop 


apparently concerned with anti 


hody formation and if ha been uggested 


that the lymphocytes function as_ trepho 


cyte that 1s, a cel 


upplying nutrition 


In our preliminary report the cytologi 


conjunctival epithelial 


findings m | scrapings 


from cases of vitamin-A deficiency were re 


reli ible in all CASCS 


as diagnostically 
that 


seen three cases of epithelial plaque of 


irded 


Since yritten, however, we 


pape! Was 
have 


the conjunctiva which were unaffected by 


vitamin-A the rapy but in which the cytologi 


picture was identical with that of vitamin \ 


deficiency. In fact no differentiation between 


EXTERNAL OCULAR 
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these two conditions seemed possible on a 
cytologic basis. 

Partially keratinized epithe lial cells of the 
kerato 


conjunctiva are a characteristic of 


conjunctivitis sicea and highly specific. Sim 


ar partial keratimization ot epithelial cell 


was also found in scrapings from two cases 


of Bowen's disease of the conjunctiva and 


cornea. These two diseases can be readily dif 
ferentiated on the basis of clinical diffes 
ences, however, and on the fact that in 
Bowen's disease there are neither goblet 
cells nor excessive mucus 


Pypical molluscum cells, which we believe 
to be pathognomonic of molluscum contagi 
osum, are to be found in curettings of mol 
this cell 


qual 


luscum nodules. The reliability of 


as a basis for diagnosis appears to be 
to the rehability of the histopathologi fined 
molluscum 
find 


molluscum inclusions in conjunctival serap 


Ines In none of our case of 


conjunctivitis have we been able to 


that the con 
Mol 


of the conjunctiva, although 


ings, and from this we deduce 


junctiviti either toxte or allergu 


luscum nodule 
reported in the literature, have not been seen 
by us. 

Repeated attempts to identify specihe cell 
from cases 


changes in lid margin scrapings 


of herpes zoster, the common wart, and 


infectious papillomatosis of the conjunctiva 
been unsuccessful 


The diagnost« 


have 
cell 


has long been established and many 


alue of inclusion 
earch 
for inclusions in preparations of exfoliated 
material from ocular disease have been mace 


tude 


findings of taedter and 


1907 


ince the 


Prowazek in In our only five 
identified in 


the 


types of imelusion have been 


crapings from ocular tissue, that 1s 


inclusions of trachoma, imelusion blennos 


rhea, vaccinia, molluscum contagiosum, and 


lymphogranuloma venereum. In herpets 


keratoconjunctivits we have failed consist 


ently to find the intranuclear inclusion bodice 
from the 


conjunctiva, cornea 


in scrapings 
or lid 
hi topatholog ( 


even though the y are easy to see in 


sections [he chromatin ot 


14 


the nucleus probably covers the intranuclear 
We had hoped 


they would be demonstrable by special stains 


inclusion in the intact cell 


or phase microscopy but so far this has not 
been the case. 

The inclusions of trachoma and in lusion 
blennorrhea are morphologically identical 
Braley" noted that more of the inclusions ot 
to found in 


tarsal conjunctiva 


inclusion blennorrhea are be 
scrapings from the lowes 
than from the upper, and that im trachoma 
more are to be found im scrapings from the 


than from the 


upper tarsal conjunctiva 
lower. We have confirmed this finding and 


valuable laboratory aid in the 
differentiation of the 

In considering other indications of virus 
a characterist« 


regard it as a 
two diseases 


activity we have noted 
lymphocytosis or monocytosis In 
There have also been 


yithelial cells in scrap 


conyune 


tival viral infection 
more multinucleated 
ings from viral diseases than in scrapings 


from bacterial infections. The significance ot 


SAMUEL J. KIMURA AND PHII LIPS THYGESON 


this is not as yet clear. In mucous membrane 


scrapings from herpetic keratoconjunctivits 


we have searched unsuccessfully for the bal 
loon cells which Blank reported finding m 


herp tic les. 
( ONCLUSIONS 


1. The present study amends and extends 
our previous report of the cytology of 0« ular 


und indicates that cytologi exam 


clisease 
ination of conjunctival scrapings and exu 
dates should be part of the routine examina 
tion of every eye infection 

2. Cytologic examimation of ocular tumor 
in 


was rewarding and should be further 


vestigated 
3. The recently described virus 
that Ne isthe 


disease conjunctivitis, both produce a mono 


is, “Creeley disease” and 


nuclear cell reaction 


The Vedical ¢ ‘enter (22) 
220 Meridian Road (26) 
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DiscuUSSION 

De. Arson EF. Brae This is an excellent piece A number of years ago | was reterre 1 a patient 
of work, and should emphasize to all of you the in New York who had a corneal ulcer that had 
importance of scrapings Oo} the conjunctiva and been present tor approximately four months. Scrap 
the cornea in cases of conjunctivitis, keratitis, of ng from the ulcer showed a most peculiar 
any inflammation in that region histology. There were a lew pr lys. not many, and 

I would like to put on record for your miorma a great many epithelial cells. However, there wa 
tion some additional evidence of how important the most peculiar-shaped organist present, one 
scrapings from a corneal ulcer may be with which I was not familiar. It turned out to be 


Atlas of Exfoliative Cytology 
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ind diagnosis of spring catarrh 


The cytology of conjunctival exudates. Am 
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J. Ophth., 29 :1499 1511, 1946 
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¢ patient is first seen and not after 
t failures. If the examinations 


ny treatment, 


1 point which I 
} 


iS the importance 
mination 
Most of the 
iround the country ire willing to do 
work but on the average their imterpretations 


a. ecretion sn and scraping the eve are 


poor 
gmize the | \ the variou 
today, it is 


technician to 


ure 
hetter to ex oneselt 


e would pay Finally, I would like 1 int a couple of 
they couldn't wuses of confusion he ognition 


inclusion bedhe f th is pl ent granules 


ot viru 


in epithelial cell \ number highly pig 
mented ind luals, | y dark-complexioned 
son I country Very ire 
rently " 
minitiated have 
They 
not viru 
nother import 
with 
nonuclear I When found in cases of tra 
ma they ; referred to as Leber cells. How 
heen finding these cells im small 
number of chrome m 
conjunetiy several 
been asked 11 this type 
contammg viru n 
| are pathog 
rh on would lik emphasize 
that [I thar are on ha i on repeated 
| would lke to idance hag tic mono 
I uggestiv f trachoma 


CYTOLOGY OF EXTERNAL OCU_.ii 
a specific type of diatome that occurs in only one inations when 
rea of the world, and that n the White Cliff a series of treat 
ot Dover ure made before the patient has had A_»_o 
rl diatome characteristi nd I had to look t makes the diagnosis and the differential diagnosis 
in a number of bool n order to find it. The first much simpler 
thing I thought of w that it came from the 1 also would like to emphasize 
water; but since it occurred on n the White Cliffs belie 
of Dover (it 1 a nucleus and sharp spines that ft 
were very characteristic), | ed the man if he the 
ul ever been to England. He id yes, and that he lalx 
} id been telling a thie | tor ever since he got t 
believe hu nd he thought | wouldn't, either r 
He uid the landed at Southampton. He said, re 
“I thought I got mething u eye while I wa ie 
taking a walk ilong the Ti 
beginning of n orm ilees No « 
any attention to that tory because 
If a simple seraping had been 1 
could ve bee le. The use 
ulfate olution roy in the « 
that id bee present ever 
I believe rapings probabl 
than cultures tre thre nyunct 
ophtl mologist reat deal 
ibout what i present in the eye 
times from cultures that may be 
I would like to congratulate : 
eson on these excelle 
importance ! raping ire 
empl ze to you the necessity 
take rapings and to look at the 
of many organisms 
De. James H. Atten: | woul 
lor, Brale mpliments to the 
the ive done a eaut i piece 
| would lke t kia tew por 
ol pra th il if port bir t 
empl ze the importance of mah 


FURTHER STUDIES ON THE NATURE OF THE EXOPHTHALMOS 
PRODUCING PRINCIPLES IN PITUITARY EXTRACTS* 


Grorce K. Smevser, Pu.D., AND V. Ozanics, M.S 


New 


Although it has been assumed by many 
that both clinical and experimental exoph 
thalmos are caused by the thyrotrophi hor 
mone, no proof of this assumption has been 


Indeed, 


modification of this idea has been presente d! 


forthcoming evidence requiring 


showing that at least two anterior pituitary 
factors are involved in the production of ex 
perimental exophthalmos, one of these prob 


ably being adrenocorticotrophic hormone 
(ACTH), and the other possibly the thy 
(TSH). A recent 


report that thyroid stimulating hormone 1s 


roid-stimulating hormone 


not involved in the production of exoph 
thalmos in fish will be discussed later. 

It has been shown’ that relatively pure 
anterior pituitary preparations of growth 
hormone, prolactin (luteotrophin ), ACTH, 
hor 


mone LH 


or ICSH), do not, when injected alone, cause 


yonadotrophins follicle stimulating 


FSH, and luteinizing-hormone 


exophthalmos, edema, and enlargement of 


the orbital fat or hypertrophy of the Hard 


erian gland, However, in view of exper 


ments showing that exophthalmos results 
from the action of more than one pituitary 
factor, it is possible that, though not active 
be involved in 


these hormones may 


exophthalmos when present in combination 


with others 
The 


experime nits 


evidence for this was drawn from 


in which exophthalmos and 
orbital modification im guinea pigs resulted 
from the combined injection of At PH and 
anterior! 


pituitary preparations, 


crude 
whereas, no exophthalmos was produced 
when these materials were given alone 

It was concluded that some substance in 


the ACTH preparation (probably ACTH 

* From the Departments ot Ophthalmology and 
Anatomy, Columbia University College of Physi 
cians and Surgeons. 


York 


itself) potentiated the exophthalmogenic ma 


terial in the crude pituitary extract The 
identity of the potentiating agent and of the 
active substance in the crude extract ts the 


subject of the present report 


MetHops 


The experiments were conducted as de 


scribed previously. Young female albino 


guinea pips (280 to 300 gm. ) obtained from 


a single dealer were thyroidectomized 10 


days prior to the first administration ot the 
hormone preparations The subcutaneous 1n- 
jections were given daily tor 12 days in 


aqueous solution, with the exception of cor 


tisone (Cortone acetate, Merck) and At TH 
gel (Armour), which were given as supplied 
by the company The animals were killed 


the day following the last myection and a 


complete autopsy) was performed 
Vernier caliper measurements of the dis 
tance the skull, at the 


notch, to the limbus is the value given in the 


from supraorbital 


charts to indicate exophthalmos In addition, 


the greatest distance between the apices ol 


the corneas, together with the interorbital 


i 
measurement of the skull, was also recorded 


All measurements were made post mortem 


after the lids had been removed and _ the 
orbital vessels en pt ed 

Che orbital contents were dissected, the 
fat. muscles, and glands weighed separately, 
fixed for histologic examination and the 
degree of edematous infiltration of the fat, 
characteristic ot exophthalmos, noted I he 
autopsy data are shown in the chart 

Except for Af rH, all of the hormone 
preparations’ used were assayed as an mt 

tWe wish to express our thanks for the co 
operation of Dr Sanford L. Steelman of the Bio 
chemical Research Department of the Armour 
Laboratories, and for the generous supply of the 
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EXOPHTHALMOS-PRODUCING PRINCIPLES 


rABLE 1 


ACTIVITY-EQUIVALENT STANDARDS 


Dx mage 
(ISH 


units® 


Daily 


Preparations 
mg 


(srowth Hormone 
(growth Hormone? 
Phyrotrophic Hormone* 
Horse pituitary 
Gonadotrophin* 
nadotrophin® 


interior 


Gel 


* One TSH unit is the i b 
1.0 mg. of U.S.P thyrotrophi 
been obtained through the courte 
Cor Im 

\rmour growth hormone 


tance cau 
ubstance 


Nichol 


relerence 
of Nr 
entior 
469.265 
? Organon growth hormone Re P. 279 
‘Organon thyrotrophic hormone No. 17510, equi 
* Armour idotropin (F.S.H 

in #317 115 (horse 
having 
(sel 4M 21305, prolonged 


pituitary gor 

\rmour pituitary g 
* Squibb Prolactin 7 
7 Armour H.P. ACI 


1713, 
HAR 


These 
ihed 


ryed 


gral part of the « x periment tests also 


were carried out as dese1 earlier and 


the 
tandard beet 


against a 


the 


preparations 
various 
Table 


producing activity of 


pitu ract: 


activity equivalents to it are stated in 


l The exophthalmos 
this had 


n th re 


standard heen determined earlier 


and its potency pect is given in the 


charts. The standard beef and hors« pituitary 


extracts « made in the labor itory as ce 


scribed) previously d are identical with 
those used in that publication 


le 


r the following 


Several groups of experiments were 


vised ind are cle cribed unde 


headings 


experi 
of Dr. A 


‘ 


received 
Brink of 


Company, 


was 
orman G 


nd 


ng hypertrophy of the chick thyroid 


of the | 


ilent in potency 
K 453408 R 


1 prolactin potency 
action, 40 Armour 


Standard 
Beet 
Pituitary 
extract 


sO 


5 


eqquiy ilent to 
to 
ilent to 
ilent to 0 
ilent to 
silent to 

tw 


growth activit 
yrowth activit 
thyrotrophic activit 
wtivil 


thyrotrophi equi 


gonadotrophic activity equ 


onadotrophic activity equi 
tivity equivalent 


valent to 


prolactin 
\CTH activity equi 


ilent 
thyrotrophin unit which h 
Standard Pharmacopos ial 


ind is 
taining 0.05 mg. | 
S.P. Refe 


renee 


beef origin 


to the U.S. P. standard 


pig origin 


origt 


of 20-25 1.1 


per 


I. The nature of the 
the ACTH preparation 

Il. The nature of the material in pituitary 
together with the potentiator, 
causes exophthalmos 


tin, gonadotrophins in the etiology of 


potentiating agent in 


extracts % hic 


role of growth hormone, prolae 
exophthalmos 
The effect of 


roid-stimulating hormone on « xophthal 


of thy 


small quantity 


mas 


hormones in the production of exoph 


eflect ot combination ol pituitary 


thalmos 


1. NATURE OF POTENTIATING AGEN 


Twelve thyroidectomized guinea pigs were 
ith ol 


mh pee 


injected yw a combination of five unit 


\CTH 


of the standard beef pituitary extract da 


latin (Armour) and five 


mp 


which resulted in a good « <ophthalmo and 
ribed 
did not 


quantity ol 


orbital change , as have been dese 


of this arn tandard extract 


nor did thi 


cause ¢ xophthaln 0 
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| 
= 
5.0 1.5 Contaming 0 
» 0 1.0 Containing 0 
» SO Contaming 0 
1.0 Containing 
6.0 1.0 Containing ) 
10 1.0 Containin 0 
Ir 1.0 Conta 
5 | 0.25 Containing 10.0 
mg 
units per ce 
2 
products whi were used in these ex 
neriment 
We are indebted to Dr. K. W Thompson of 
‘ar Irv for | cont rotrophu 
J 
rwl at! } 
e pr tin) =preparation 
Borman of EF. R. Squibb and 
The ACTH-B sample 
through the kindness of Dr. N 
the Research Division of Merck all 7 
Ir 
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Ha. 
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errr are 4 $0 
eerrar 0 oc 00 
errrare 4 40 0 
2 so | $0 
oer ar 25 so | $0 
ar 50 50 s0 
4 erer ar 2s | $0] $0 
‘ | SONE $.0 
+ 
WORSE 2.5 #0 
+ + 
6 50 © 
+ i 
50 us| $0 
2 PROLACTIN so | wo] 20 
5 GONADOTROPHIN 50 “ao 60 
‘ Gage 40 as 3 
+ 
PROLACTIN 
GONADOTROPHIN so «20 46 
Contre! 
ortisonre 
Chart 1 (Smelser and Ozanics). Effect of cortisone on the orbital weights and exophthalmos measure 
ments. (Five units/day Armour high potency A‘ THAR Gel M21305 prolonged actiot All ACTH used 
in these experiments was of this type unless otherwise noted. Fifty to 100 gamma/day Merck ACTH-B 
Corticotropin No, 52R6239 in a vehicle of 16-percent gelatin, Thyrotrophic hormone, Organon No. 17510 


equivalent in potency to the U.S.P standard substance. ) 


ACTH when given alone. This experiment 
was repe ated with a more highly purified 
ACTH-B, which was found by assays, in 
the Merck Laboratories, to possess about 150 
times the activity of the Armour standard 
material, The method of tts preparation has 
heen reported.” 
Daily injection ot 


ri together 


standard extract, produced an excellent ex 


50 to 100 gamma of 
with five mg. of the 
ophthalmos and even more marked hyper 
trophy of the orbital contents than did the 
original ACTH gel 
cating that the potentiating agent is, in fact, 
ACTH. sumably, the 


ulating the production of adrenal sterotds, 


preparation, thus indi 
latter acts by stim 


which would be the material directly acting 
synergistically with the pituitary extract to 
produce exophthalmos 

Cortisone was selected as an example of 
such a steroid and 2.5, 5.0, or 12.5 mg. were 
given daily together with five mg. of the 
standard beef extract into a group of 14 
test guinea pigs. Exophthalmos resulted with 


and was greater 
The 


modification of the orbital fat was striking, 


dose s of cortisone 


all three 


when the larger amounts were given 


but that of the Harderian gland much less 
sO. 

It appears evident that the 
in the ACTH preparation is ACTH 


itself, and that it acts by increasing the pro 


potentiating 
agent 
steroid such as 
that 
sone or ACTH might act directly on the 
tested by 


duction of some adrenal 


cortisone sibility either corti 


| he po 


orbit was treating a series ol 
guinea pigs with large doses of either corti 
sone or Af rH 


guinea pigs each were injected with 


12.5 


alone. Two groups of six 


50 


me. cortisone, and a third group ot 
seven guinea pigs was treated with 20 units 
| H daily lor 12 days The mmount 


kg body weight day and 
50 units ACTH gel/kg. body 


were considered heavy doses and are more 


32.0 mg. cortisom 


weight/day 


than twice that given tn most of the other 


experiments 


A slight increase in the protrusion in the 


NOPHTHALMOS-PRODUCING PRINCIPLES 


ort rie xophthalmos measurement 


cy ACTHAR Gel M21305 prolonged n. All ACTH used in the 
herwise noted. bifty to 100 gam day Mer ACTH -B Cortico 
16-percent gelatin. Thyrotrophic he yan \ 17510 


globe was obtaimed with both materials; the — carried out in which relatively pure prepara 
orbital fat was somewhat hypertrophied, and — tions of either growth hormone, prolactin, 
there was a1 nthe weghtot  gonadotrophins, or thyrotrophin were in 
the Harderian gland. ACTH was more ef jected together with five mg. cortisone. Corti 
fective than the larger dose cortisone one was chosen as the potentiating agent, 
all three respect however, 


| ince the problem of contamination with pi 


ir-cut exophthalmos obtained, although tuitary faetors does not ari 
a tendency in this m was noted. The \CTH were used 
effect of cortisone o rbital 


e as it would tf 


weights Prolactin and two different preparations 


ind exophthalmos measurement is indicated each of growth hormone and gonadotrophins 


by a dotted line on were u ed one of the latter Was prepared 


trom pig and the other from horse pituitary 


glands and differed in the relative amount 


It is evidenct that of the of folhel timulating hormone and lutein 
tandard beef pituitary extra will produce izing hormone they contained. The 


potenc) 
exophthalme when administered con 


of each preparation in relation to the stand 


junction with ACTH or cortisone, but, since ard beef extract, and the 


degree ot con 
nown pituitary factor ent in thi tamination with = thyroid 


ict, whether one of the 


timulating hor 


some other mone, iS given in the ib I he quantity ot 


Is hal venic unknown In each hormone given pet da contaimed two 


pituitary hormones to 16 times that of the parti ular phy 
were ted tor iit 


beet 


to produce ex activity of five mg. of the standard 
ophthalmos, but not in conjunction with preparation. Therefore 


it ¢ xophthaln os Was 
TH or corticosteroid due 


to the imteraction of cortisone with 


A series of experiments were therefore either the growth hormone, prolactin, or the 
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tropa IROZI9 ve le 
equivalent in potency to the U.S.P. standard substance. ) 
LI. NATURE OF THE POTENTIATED SUBSTANCE ju 


GEORGE K. SMELSER AND V 


OZANICS 


150 
T 
oerar o | 80 $0 
400 «(140.0 + 
26 50 50 
ecerar 50 $0 $0 
orrrar $0 so 
HORSE AP 26 #0 
worse ap 10 
+ + 
‘ Ts" 3 $0 20 + 
26 40 oe + 
5 oroetnn $0 $0 
$0 ao z0 
s 50 “0 60 
ACTIN 
act tu 
Certisere 
Chart 3 (Smelser and Ozanics). Effect of cortisone on the Harderian gland and exophthalmos measure 
ments. (Five units/day Armour high potency ACTHAR Gel M21305 prolonged action All ACTH. used 
in these experiments was of this type unless otherwise noted. Fifty to 100 gamma day Merck ACTH-B 
Corticotropin No. 52R6239 in a vehicle of 16-percent gelatin. Thyrotrophic hormone Organon No. 17510 
equivalent in potency to the U.S.P. standard substance. ) 


gonadotrophin contained in the standard ex 
tract, it would certainly also be produced 
when these hormones were given singly with 
cortisone 

Phe results of these experiments are sum 
marized in the charts. In no case was exoph 
thalmos nor unequivocal changes m the fat 


Since similar 


it 
results were obtained, data from the exper 


Harderian gland evoked 


hormone 
the 


ments with only one growth 


and one gonadotrophin are shown in 


charts 

Both prolactin and the gonadotrophin K 
$5308R produced some hypertrophy of the 
orbital fat over that caused by the cortisone 
injected controls. In these few cases the 
modification was in the direction of exoph 
thalmos (that is, slight edema and hyper 
trophy), but the change was not great and 
certainly not in proportion to the prolactin 


or gonadotrophic activity contained in the 
extracts, These 
show that the exophthalmogenic factor in 


the standard pituitary extract potentiated by 


experiments very clearly 


cortisone is none of these hormones acting 


alone. The fact that more than one growth 
and gonadotrophic preparation was used 
strengthens this conclusion None of the 


purified preparations contained appreciable 

thyroid-stimulating hormone, although there 

is little doubt that traces were present 
These ACTH perhaps 


other potentially active substances, are 


hormones, plus 


found 
in crude extracts of horse pituitary gland, 
which is very deficient in thyrotrophin. Such 
a preparation Was carefully assayed 
and 8.0 mg. found to contain but one thyroid 
as defined in the 


very 
stimulating hormone unit 
present study. Daily injection of eight mg 
the horse pituitary extract plus 12.5 mg. 
resulted 
thalmos with the usual orbital modifications 


cortisone in an excellent ¢ xoph 
save that the changes in the fat were rela 
tively less striking than those of the Hard 
erian gland 
Although the 


hormone 


ymount of thyroid-stimulat 


administered daily was e¢x 


ing 


tremely little, both in the experiments with 
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the horse pituitary extract and in those using 


purified preparations, it was evident that a 


check was necessary on the possible action 


of small quantities in thyrotrophin when ad 


ministered with cortisone. A relatively pure 


(equivalent in activity to the U.S.P. standard 


substance) thyrotrophin was carefully as 
sayed and administered together with corti 
sone 

rhree groups totaling 20 guinea pigs were 


given daily injection of O.1 mg., 0.2 mg 


or 0.4 mg. (2, 4, or 8 thyro 


id-stimulating 


hormone units) plus 5.0 to 12.5 mg. corti 


Even the smallest quantity of this 


sone 


thyvroid-stimulating hormone containing eX 


unmistakable 


tract produced light but 


in the orbita 


changes fat and the protrusion 


the globe The 


urprising ¢ ffectiveness ot 


minute quantities of thyrotrophic extract, 


with 


in the presence of cortisone, together 


the absence of effect of the other recoynize 


anterior pituitary tactors (growth, prola 


tin, and gonadotroph n), lead one to believe 


that the « xophthaln os and orbital fat change 
at least are the result of thyroid-stimulating 
hormone plus adrenocorticoid action How 
ulating hormone ex 


ever, the thyroid-stin 


tract used was known to possess other phys 
iologi activitse 

In earlier experiments hypertrophy of both 
the orbital fat and Harderian gland always 


resulted from injection of pituitary extracts 


VARIATION IN RESPONSE OF ORBITAL 


tion that these two trssues do not react to 


factors. These suggestive data are 


Chart 4. The 


all of the 


identical 


shown im thyroid-stimulating 


hormone potency ot extracts ad 


ministered 1s approximately the same, and 


in three instances the orbital fat hypertrophy 


was approximately 140 percent and that ot 
the Harderian gland about 117 percent. In 


other experiments the fat hypertrophy was 


as great, or greater, but the Harderian gland 


re sponse was essenti illy nil 


Although combinations of cortisone with 


either growth hormone, prolactin, or go 


nadotrophin failed to produce xophthalmos 


in two instances slight modification of the 
orbital fat was noted. Since the hormone 
preparations used were not pure, it is con 


} 


ceivable av have contamed traces 


with 


that they 1 


material ( xophthalmogent 


ol some 


action or that they would have been eftlective 
lor these 


veral of the 


if combined with other hormones 
reasons combined injections of s« 
purified fractions were made in an attempt 
to simulate the effect of the thyrotrophin-poot 
horse 


treated 


mixture of the pituitary ex 


hormone 


tract. Six guinea pigs wer with a 


combination of growth hormone, prolactin, 


and cortisone containing less than 1.5 thy 


roid-stimulating hormone units as a con 


taminant. No exophthalmos nor hypertrophy 
of the Harderian gland resulted, There wa 
however, some change in the orbital fat 


which was suggestive of exophthalmos 


FAT ANO HAROERIAN GLAND 


TO EXTRACTS CONTAINING SIMILAR QUANTITIES OF THYROTROPHIN 


Im the pre senit study there 1s some indica 
( irt 4 (Smelser and © ) 
Variation 1 response I i it 
nta 1 ir quantitie tt 2 
rotrophin 


. — 
- 
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A second experiment of this type was 


carried out on six guinea pigs in which all 
of the 
hormone were combined. The quantities in 


jected daily were growth hormone 2.5 mg., 


hormones save thyroid-stimulating 


gonadotrophin 40 mg., 
mg., 
as a contami 
Definite 


prolactin 1.0 mg., 
ACTH 10. units, 


thyroid-stimulating hormone, 


cortisone 5.0 and 
nant of these, less than two units 
exophthalmos was obtained in all cases (see 


chart) with marked edema and enlargement 


of the orbital fat, and a moderate hyper 
trophy of the Harderian gland 
The thyroid-stimulating hormone activity 


of the combined injections was determined 
both by totaling the quantities that had been 
found in each preparation when assayed sep 
arately, and also by subjecting test chicks 
to the same combination of injections which 
were given the guinea pigs These tests were 
made at two-dose levels using 10 chicks per 
group, and included a U.S thyrotrophi 
standard for comparison. The thyroid weight 
response to the combination was not greater 
than that given by two thyroid-stimulating 


hormone units of this standard 


DiscuSSION 


The experiments reported here confirm 
our earlier conclusion that at least two an 
factors are involved in the 


terior pituitary 


production of experime ntal exophthalmos. 
That ACTH, acting through the adrenal 
cortex, 15 these 
established by the effectiveness of ACTH-B 
and of cortisone in potentiating exophthal 
mogen rhe 
latter substance substantiates that of Ater 


one of seems to be well 


extracts observation on the 


man.* 
Preliminary experiments W ith steroids 
other than cortisone have shown that this 


action is not limited to this particular steroid 
Whether the ACTH and the adrenal cortex 
are requisite to, or merely accentuate, the 
exophthalmogenic process 1s not known. 

does not 


Cortisone (32 mg./kg./day) 


produce exophthalmos im guinea pigs, as 


SMELSER AND V 
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has been reported to occur im the rat.” 
both rH 


some effect on the orbital tissues which may 


However, and cortisone ¢ xert 
result from potentiation of endogenous p! 
\ slight merease in oculat 
orbital fat 


tuitary factors 
protrusion, edema, and size of 
result from thyroidectomy alone, which te nds 
to modify the orbital tissues in the direction 
of exophthalmos. This process appears to be 
TH or admin 


accentuated by At cortisone 


istration 

The mechanism by which adrenal ste roids 
potentiate exophthalmos production by pi 
tuitary extract Is not established. Some in 
vestigators have reported that cortisone ad 
ministration provokes morphologic indica 
tion of thyroid hyperactivity, although the 
reverse effect on thyroid function | | up 
take) has been found by others D'Angelo” 
has suggested that cortisone augments the 
secretion of thyrotrophin by the hypophysts 
lf this should be true in exophthalmic am 
mals, it contributes to our understanding of 
the mechanism of cortisone action In these 
cases and emphasizes the importance o! the 


thyrotrophic hormone in the etiology of 


cortu 


slight 


(on several occasions 


exophthalmos 
sone injection has been found to cause 
hypertrophy of the day old chick thyroid; 
however, it did not augment the response to 
small test doses of thyrotrophic hormone 
Although gonad hormones themselves may 
affect exophthalmos,” 
showing that the 


(jood exophthalmos has been produced with 


evidence is available 


gonadotrophins do not 


and without indication o! gonadotrophic a 


tivity, and an active gonadotrophic prepara 
tion failed to produce an exophthalmos The 
animals with good exophthalmos, produced 
by horse pituitary extract had ovarian and 
and 945 mg. re 
706 


uterine weights of 328 mg 


spectively (control value 48 mg. and 


mg.). In contrast, guinea pigs with even 
a purified 
had 


only 81 mg 


better exophthalmos, caused by 


thyroid-stimulating hormone extract, 
ovarian and uterme we iwhts ot 


purified horse 


and 431 mg respectively 
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gonadotrophin failed to produce an exoph 
thalmos, 


350 mg. and 1,298 mg 


ut the ovarian and uterine weights 


were 
No evidence 


playe d a 


was secured that prolactin 
orbital changes 
Like 
that 


growth hormone also has a role in exophthal 


role in any of the 


proportional to its hormonal activity 


wise, no indication could be found 


mogenesis. This is of special interest in view 
of the many reports that exophthalmogeni« 
extracts contain considerabk quantities ot 
the fat mobilizing principl Levin'' has 


recently shown that the fat mobilizing factor 


is found in purified growth hormone extracts 


which are extremely active when admin 


istered in combination with cortisone. The 


failure ot growth hormone ind cortisone 


injections to cause exophthalmos im the pres 


ent experiments casts strong doubt on the 


identity of the fat-mobilizing and exoph 


thalmogenic factors 
\lthough very small quantities of thyro 
trophic extract produce | exophthalmos and 


orbital fat modification, it i omewhat dith 


cult to ascribe their effect entirely to the 
thyrotrophin they contain. The data pre 
sented here (see chart how that apprec! 


ably greater skull-limbus measurements are 


obtained when the quantity ot njected stand 
ard beef extract wa mcrease | two or tour 
time Dherefore one enificance may be 


differences in ocul 


to 


attached to 
on the ol le rorus 


\dn 


protrusion 


nistration of the cor nation of hor 


» thvroid-stimu 


lating hormone unit ind resulted m= an 


1] 


ncrease im. the kull-] u easurements 


\ total of eight thyvroid-stimulat 


of OS mm 


ny hormone unit Wa required to produce 


a similar exophthalm vhen the purified 


thyrotrophin was used. Only one thyroid 


unit of horse 


stimulating hormone pituitary 


extract was required to duplicate the action 


of eight thyroid-stimulating hormone units of 
the purified preparation 


\ similar 


the orbital fat 


situation exists with re pect to 


which increased in weight 


appreciably as larger amounts of standard 


beef extract were given. Two and four 


thyroid-stimulating hormone units of the 
purified thyrotrophin caused orbital fat hy 
pertrophy of 40 to 50 percent, whereas, a 
occurred when 


hypertrophy of &3 percent 


two thyroid-stimulating hormone uniis in 


the form of the combined hormones was 


administered. kight thyroid-stimulating hor 
mone units of the purified thyrotrophin were 
required to cause a comparable (77 percent) 
hypertrophy 

Vhese disere pancies lead to the conclusion 
factor other than thyroid-stimulat 


and the 


that some 


ing hormone adrenal steroids is 


Poo 


should not be 


involved much confidence, of course, 


placed on differences which 
are small and variable he biologi assay ot 


pituitary hormones is subject to ditheulties 


claims of vreat 


deal 


which render questionabl 


accuracy ; however, in this case we are 
a four-fold augmentation 


ms 


ing with 
The 


that a thyrotrophin which was 


finding of and Steelman 


soluble im tri 
chloracetic acid failed to produce exophthal 
fish resulted 


separation ot 


mos m could have trom the 


thyroid-stimulating hormone 


from the adrenal factor. Therefore, before 


thyroid stimulating hormone may be com 
pletely exonerated an experiment with a pure 
thyrotrophin must be made 


thalmos 


fact that cortisone exoph 


caused by pituitary extracts is of 


significance in the understanding of its et) 
ology It has been ugvested that exoph 
thalmos results from an increase im the 


cells 


postulated, 1 


orbital connective tissue mast and the 


mucoids which, it ts then 


find that cor 


number of mast 


product Some investigator 


tisone markedly reduces the 
ancl the commective-tissue 


quantity ol 
mucoid, If « xophthalmos does result from an 
increase in the quantity of orbital connective 


cell 
ditheult to « x plain the 


tissue mast and mucoid ground sub 


tance, it 1s triking 


augmentation of exophthalmos by cortisone 


unless these reports are in error’’ or orbital 
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connective tissue 1s very different in its reac 
tion from that in other parts of the body 


SUMMARY 


the adrenal 


exemplified by 


through 


1. ACTH 


gland and adrenal steroids, 


acting 


cortisone, augments the exophthalmos pro 


duced m guinea pigs by anterior pituitary 
extracts. 

2 Neither ACTH nor cortisone in the 
quantities used in these experiments (32 


mg units ACTH /kg./day) 


causes appreciable proptosts, although some 


cortisome 
orbital changes are produced which are sug 
gestive of 

3. Exophthalmos ts not produced through 
the interaction of cortisone with large quan 
prolactin, or 


minimal exophthalmos 


tites of either growth hormone, 


gonadotrophin 

4. The reported fat mobilizing effect of 
growth hormone plus cortisone, and the fail 
ure of this hormonal combination to cause 
exophthalmos, strongly suggests that exoph 
thalmogenic and fat-mobilizing factors are 
separate 


5. Exophthalmos, edema, and hypertrophy 
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of the orbital fat are produced by con 


comitant administration of cortisone and 
small quantities of thyrotrophin in the form 
of either purified thyroid stimulating hor 


mone or crude horse pituitary extracts 

6. It is difficult to explain the exophthal 
mic changes solely on the basis of the quan 
tity of thyroid stimulating hormone admin 
istered, because combined injection of 
several purified anterior pituitary hormones 
containing only traces of thyroid-stimulating 
hormone are more effective than equal quan 
tities of a purified thyrotrophin ; therefore 
some additional hypothetical exophthalmo 
genic factor 1s postulate d 

7 The strong exophthalmos-augmenting 
effect of cortisone requires a critical exam 
nation of the hypotheses 

a. That exophthalmos results from an im 


crease in the quantity of mast cells and mu 


coid ground substance in the orbital con 


nective tissue 
b. That markedly 
number of mast cells and mucoid ground 


cortisone reduces the 
substance ot connective tissue, 


630 West 168th Street (32) 
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rtisone on mast cell tu 


Discus 
De. At well ac 


quainted with the work done 


It 


sect Has 


on exophthalmos over a period of many years 


is excellent work 
Clinically 


le ™m 


been interested in this prol 


u know. There is very little 


doubt thi mg in the produces the 


CHANGES IN THE PHOSPHATI 
VARIOUS CONDITIONS WHICH 


RAG 
INFLI 
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d-stimulating horm wterior pituitary as 


l., $2:705-711, 1953 


rim 
the fat-mobilizing factor of the anterior pituitary 

ortisom i mo on conn e tissue 
me on the mast cells of the rat. Pr Soc. Exper. 
nors (mastocytoma) of the d Proc. Soc. Exper. 
P. B.: Mast cell resistance to hormonal influence 
STON 

phthals os, and | beleve this factor 1s pr hably 
related to the ACTH; at least clinically in some 
instances you can produce some exophthalmos with 
ACTH. 

| would like to issue a warning to those of you 
who use ACTH in quantitic You may stimulate 
in’ exophthaln n a susceptible individual 

PIONS OF THE LENS UNDER 


ENCE CATION TRANSPORT* 


Harris, M.D., 
\ 


JOHN | 


Portland, Oregon 


James D. Hauscuitpt, M.D., 
AND LORETTA 
Previous reports from this laboratory’? 


have discussed the relationship between hy 
distril the 
described a 1 lenticular 


dration and cation ution in lens 


and have eversible 


cation shift useful in the study of lens me 
tabolism. In particular, these studies have 
shown that the rabbit lens loses potassium 
and gains sodium during refrigeration at 


0°C. During subsequent incubation at 37 


(. in a proper environment, recovery toward 


the original cation composition occurs. Stud 


ies Of the factors atfecting this redistribu 
tion have indicated that the ability of the 
lens to reverse a cold-induced cation shift 

*From the John E. Weeks Memorial Labora 
tory, Department of Ophthalmology, University 
of Oregon Medical School. Supported by Grant 
No. B-187 from the National Institutes of Health, 
National Institute of veur gu Diseases and 


Blindness 


provides a sensitive index of lens viability 


The 


following refrigeration involve 


cation distribution 
the 


restoration of the 
move 


concentration 


ment of these ions against a 
gradient and, therefore, requires energy 


Studies of a variety of factors [including 


the effect of glucose and other monosaccha 


rides, enzyme inhibitor adeno ine triphos 
phate (ATP), oxygen, and certain metabo 
lite ol the tricarboxyli ac id cycle’ have 


that the for active cation 


transport across lenticular barriers 


indicated energy 
pene illy 
derives from the metabolism of carbohydrat« 


an ¢ ential role in 


Che pr 


(tiie 


Phosphor us play 


carbohydrate utilization esent report 
effects of 


cation transport, upon cer 


concerns the conditions, 


known to alter 


tain phosphate fractions [inorganic, easily 


hydrolyzable, and organic acid-soluble 
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(OASP)] of the lens. Conditions were 
chosen for study which, as a group, pro 
vided a wide range of effects on cation re 
covery and phosphate fractions. 

In particular, the answers to the following 
three questions were sought 

First, is there a causal relationship be 
tween cation transport and the concentration 
of the high energy phosphates, those com 
pounds which supply the immediate energy 
for most cellular work ¢ 

Second, is cation movement related to the 
total quantity of organi acid-soluble phos 
phate in the lens ’ 

Third, are the movements of inorganic 
phosphate and cations related ? 

A decrease in serum potassium and in 
organic phosphate frequently occurs when 
carbohydrate utilization ts stimulated in the 
intact animal.® The decrease in eac h instance 
is considered to result from the migration 
of the ions into the cell, the phosphate ac 


cumulating as organic esters 


Meruops AND MATERIALS 


To provide uniformity, lenses were 
handled in the same manner as in those ex 
periments involving cation transport. Rabbit 
eves were obtained from a rabbit slaughter 
house, the eyes being removed immediately 
after decapitation of the animal, dropped 
into normal saline at 0°C., and transported 
to the 
tracted. Approximately one hour elapsed 
between and ( The 


analyses listed in Table 1 as “Normal Fresh 


laboratory where the lens was ¢x 


enucleation extraction 


Lenses” are of lenses so treated. Control 


studies indicated that no signihecant change 
in the phosphorus fractions oceurred during 
transportation to the laboratory. ) 

The lenses were then refrigerated at 0°C. 
for 41 to 45 hours ma modified Tyrode's 
solution under the conditions indicated.* At 


* We have published elsewhere the nature of the 
cation exchange during exposure to cold. During a 
period of 41 to 45 hours the potassium concentra 
tion of the lens drops trom a m rmal level of 123.7 


mEq. per 1,000 gm. of water to 75-85 mEq. per 
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the end of this time, one of a pair of lenses 

the analyzed im 
mediately while the other was in¢ ubated for 
Additional 
details of the method have been previously 
described.* * 


For 


from same animal was 


an additional six hours at 37°C 


analysis, the lenses were rapidly 


weighed on a tissue balance and homog 


enized in ice-cold, six-percent tri hloracetic 
acid. Inorganic phosphorus was determined 
by the Fiske 


Total acid-soluble phosphorus was measured 


method of and Subbarow." 


phosphorus determine d after 
id 


lor the determina 


as morgan 
digestion of the filtrate with sulphur 
and hydrogen peroxide 
tion of the seven-minute-hydrolyzable phos 
phorus, a three ml. aliquot of the filtrate was 
heated with 0.8 ml. of 5N sulphuric acid m 
a boiling water bath for seven minutes prior 
phosphorus 


to determination of morgan 


Results are calculated as milligrams o! 


phosphorus pet hundred grams of wet lens 


weight. As listed in the table, the seven 
minute-hydrolyzable fraction consists of the 
phosphorus determined after heating as de 
scribed, less the morgan phosphorus de 


The 


fraction consists of 


immediately acid 


organ 
soluble the total acid 
soluble the 


phosphorus Each tabulated result represents 


termined 


phosphorus minus inorgank 


the average of at least five individual analy 
ses 

The phosphorus fractions here determined 
to those utilized by 


are essentially similar 


others.*. The inorganic phosphorus 1s com 


prised of orthophosphate and phosphates 


1,000 gm. of water. The merease in sodium concet 
tration is roughly equivalent but usu ill mewhat 
greater. After this period of refrigeration, Tr 
covery of the initial cation relationship during 


subsequent incubation at 37°C. in the basic medium 


is substantial but not complete. If refrigeration | 
more prolonged the lens gradually abilit 
and becomes imcaj ible of sigmficant cation 
covery. Recovery during incubation follows a first 
order curve and the new teady state is achieved 
by six hours. If incubation of re frigerated lense 
is continued be yond this time, or 1! fresh lenses are 


oncentration 


37°C, a potassium 


incubated at 


greater than normal may be achieved 
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split from very unstable esters such as crea- when the lens was massaged or bathed in 
tine phosphate. Although including the phos media containing 0.001 M = adenosine tri 


phat from a variety of esters, the seven phosphate or 0.001 M dinitrophenol In these 


tion is considered instances, a relatively high seven-minute 


minute-hydrolyzable fra 


a measure of such “high-energy” phosphates hydrolyzable phosphate level was observed, 


as adenosine triphosphate. For this study no — but the ability of the lens to concentrate po 


attempt was made to determine or isolate — tassium was limited. In general, cation trans 
the individual phosphate esters formed dur port during subsequent incubation at 37°C 


ing the breakdown of glucose was diminished if the initial level of easily 


The determination of the cation recovery hydrolyzable phosphate was low, On the 
has been previously described.* The cation other hand, a comparatively high concen 


recovery data here included have been or tration of this phosphate fraction did not 
will be reported elsewhere,** and are re guarantee good cation recovery 


corded here for convenience only The concentration of organic acid-soluble 


phosphorus observed after refrigeration was 


ReSULTS found to vary quite markedly with the pro 

EL PFECT OF REFRIGERATION cedure No exact correlation between the 
The phosphat traction ifter refrigera level of organi acid-soluble phosphorus and 
tion of the lens in various media are shown the migration of potassium against a con 
in Table 1. In general, those lenses that con centration gradient during subsequent im 


tained the least high-energy phosphate after cubation at 37°C. was observed. However, 


refrigeration also showed the poorest re where the concentration of organic-acid 


covery of cation content during incubation oluble phosphorus was low following re 


at 37°C., suggesting that the uptake of po frigeration, the ability of the lens to con 
tassium depends at least in part upon the  centrate cations during subsequent incuba 
high-energy phosphate fraction tion at 37°C. was limited. On the other hand, 

Exceptions occurred, however, notably poor recovery was often observed when the 


1 
PHOSPHATE FRACTIONS OF THE RABBIT LENS DETERMINED AFTER REFRIGERATION AT OC, For 
41-45 HOURS IN MODIFIED TYRODE'S SOLUTION WITH VARIOUS ADDITIVI 


Phosphorus—mg./100 gm. Wet Weight 


Potassium 


Media Additive or Seven 
Condition ed Total Organ Minute 
\cid Inorgani Acid Hydrolve Percent 
Soluble Soluble able 
Normal Fresh Lens 56.2 9 3 16.9 15.7 
1. None §7.1 §.2 $1.9 is 
2. Massage 74.3 7.8 66.5 15.9 14 
Anaerobu itmosphere 40.8 37.5 10.6 14 
4 \bsence of gluco ‘ 51.4 14.7 16.6 
5. 0.01M pyruvate, no glucose $7.3 R 4 48.9 12.9 0 
6. 200 mg. % fructose, no glucose 5.7 1) 8 10.5 
7. 500 mg. % fructose, no glucose $3.6 96 14.0 14.1 
8. 200 mg. % galactose, no glucose $4.0 13.7 10.3 11.2 9 
9. 0.001M adenosine triphosphate 54.1 1 52.0 14.5 % 
10. 500 mg. % glucose and 0.001M adeno 
sine triphosphate 68.3 1.3 64.0 10.9 78 
11. 0.00IM NaCN 71.4 14.2 $7.2 6.6 0 
12. 0.025M iodoacetic acid 41.34 R 6 32.7 5 # 0 
13. 0.001M dinitrophenol 66.2 5.9 60.4 16.5 12 


Data here pres« nted have been p iblished else where sce text 
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organic acid-soluble phosphorus value was 
relatively high. 

While utilization of glucose by the lens 
is virtually nil at O'C., it ts interesting to 
note that metabolic activity is far from sus- 
pended at this temperature. Thus, marked 
changes in phosphate fractions do occur and, 
while these changes do not correlate exactly 
with the cation movement, it is obvious that 
lenses which have been refrigerated under 
various conditions are not capable of the 
same response to the stimulus that subsequent 


incubation at 37°C. provides 


OF REFRIGERATION AND SUBSEQUENT 


INCUBATION aT 37% 


The phosphate fractions obtained after re 
frigeration and subsequent im ubation are 
listed in Table 2. Again, the active transport 
of cations was not likely to occur in those 
the final values of high 


instances where 


energy phosphate and organi acid-soluble 
phosphorus were low. On the other hand, 
a comparatively high value of either did not 
insure movement of cations agaist a con 
centration gradient. 

The changes in phosphate fractions which 
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occurred during incubation at 37°C. are liste d 
in Table 3. It will be recalled that the move 
ment of cations against a concentration gradi 
ent may occur during this period. No cot 
relation between the changes in the organic 
acid-soluble phosphorus or seven-minute 
hydrolyzable fractions and active transport 
of cations was observed, If present, a rela 
tionship between the movement of morganic 
phosphate and potassium should be most 
apparent during the recovery phase ; that 1s, 
during incubation at 37°C following re 
frigeration. 

The change in inorganic phosphorus con 
centration in the lens does not of necessity 
reflect the ex« hange of phosphate across the 
lens barriers since hydrolysis or synthesis 
of organic phosphate may alter the level 
However, changes in the total ac id oluble 
phosphorus probably provide a fair index 
of movement of inorganic phosphate, assum 
ing that the organic esters do not diffuse 
across the barrier. 
this 
observed between cation movement and the 


Using index, no relationship was 


movement of inorganic phosphorus. In cet 


tain instances, for example, in the presence 


PABLE 2 


PHOSPHATE FRACTIONS OF 


AND SUBSEQUENT INCUBATION AT 37° 


RABBIT LENS DETERMINED AFTER REFRIGERATION AT OC 


[YRODE'S SOLUTION WITH VARIOUS ADDITIVES 


Media Additive or 


FoR 41-45 HOURS 
FOR SIX HOURS IN MODIFIED 
Phosphorus—mg./100 gm. wet we ight 
Seven Potas ium 
Condition Imposed Potal Organ Minute Rec 
Acid Inorgani Acid- Hydrolyz Percent 
Soluble Soluble able 
1. None §1.7 aan 4.0 11.9 78 
2. Massage 62.4 10.9 51.5 9.1 14 
+. Anaerobic atmosphere 38.1 8.6 29.5 6.0 13 
4. Absence of glucose | 53.7 24.1 9 6 4.1 0 
5. 0.01M pyruvate, no glucose 51.4 18.3 55.1 7.1 0 
6. 200 mg. % fructose, no glucose 45.9 18.4 27.5 2.4 0 
7. 500 me © fructose, no glucose | 55.5 15.6 99 10.4 R4 
8. 200 mg. % galactose, no glucose 65.9 15.9 50.0 11.2 9 
9 0.001M adenosine triphosphate 53.3 11.0 42.3 10.5 6 
10. 500 mg. % Glucose and 0.001M adeno 
sine triphosphate 46.7 7.2 39.5 7.6 78 
11. 0.001M NaCN | 80.0 13.6 66.4 PL 0 
12. 0.025M Ilodoacetic acid 50.5 8.1 42.4 1.0 0 
13. 0.001M dinitrophenol 68.9 16.5 §2.4 11.0 12 


* Data here presented have been published elsewhere (see text) 


PHOSPHATE FRACTIONS OF LENS 


rABLE 3 


CHANGES IN THE PHOSPHATE COMPOSITION OF THE RABBIT LENS WHICH OCCUR DURING INCUBATION AT 37°C, 
FOR SIX HOURS IN MODIFIED TYRODE'S SOLUTION WITH VARIOUS ADDITIVES, SUBSEQUENT 
REFRIGERATION aT O°C. por 41-45 HoURS 


The values were obtained by subtracting the appropriate data in Table 2 from that in Table 1) 


Phosphorus—mg./100 gm. Wet Weight 


Potassium 
Media Additive on Seven Re 
4 
Condition Imposed ota ry, 
Acid Inorgani« Acid ercen 


Soluble Soluble able 


None 

Massage 

\naerobic atmosphere 

Absence of glucose 

O.0OIM pyruvate, no gluco 

200 mg. % fructose, no 

500 my. ©) fructose, no gluco 

00 mg. % galactose, no glucos 

0.001M adenosine triphosphate 

500 mg. © glucose and 0.001M adeno 
sine triphosphate 

0.00IM NaCN 

0.025M iodoacetic acid 

0.001M dinitrophenol 


Data here pre sented ha ‘ breve n p tblished else where (se 


of cyanide, a movement of inorgank phos that active transport may not occur even 
phorus into the lens against a concentration when the concentration of the seven-minut 
gradient must have occurred, vet cation re hydrolyzable fraction is relatively high may 
covery was nil. simply reflect the fact that cation distribution 
is a balance of many factors. Moreover, a 
COMMENT static analysis provides no information con 
The failure to demonstrate an exact cor cerning the rate of turnover of the phosphate 
relation between the concentration of — esters 
organic acid-soluble phosphorus and cation 
SUM MARY 
recovery indicates that the physical-chemical 
properties of these substances (nondiffusible No exact correlation was observed be 
anions) have little influence in cation distri tween cation transport and the concentration 
bution. It is not surprising that cation re of organic acid-soluble phosphorus or seven 
covery is minimal or abolished when the = minute-hydrolyzable phosphorus of the len 


concentration of organic acid-soluble phos No parallel between the movement of cation 


phorus or seven-minute-hydrolyzable phos against a concentration gradient and the 


phate is low. Of the two fractions the easily movement of inorganic phosphorus was ob 
hydrolyzable phosphate best correlates with erved 
active transport of cations. The observation 3/81 SW. Sam Jackson Park Road (1) 
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DiscussION 


De. A. M. Porrs: I would like to ask Dr 
Hauschildt in particular whether the rate of inhibi 
tion as glucose concentration goes up past 200 meg 
percent drops off linearly or whether it drops off 
suddenly 

As Dr. Patterson at Western Reserve has shown, 
there apparently is a direct between 
glucose level at the lens and cataractogenesis im 
diabetes. It is that glucose con 
centration m a 
higher than 200 of 
concentrations 


connection 


hard to conceive 

diabetic will remain significantly 
250 me. percent over extended 
periods. If his become suddenly 
inhibitory above 200 mg. percent, if might be quite 
conceivable that this is a mechanism connec ted with 
diabetic If levels of 500 mg. percent are 


required for effect, it 1s a little difficult to conceive 


cataract 


a physiologi role for this mechanism 

I also would like to ask Dr Harris whether, in 
which these inhibitors were 
the partial inhibition 


the concentrations in 
used, and in consideration ot 
com 


of glucose absorption, there is room for a 


siderable amount of glucose absorption by diffu 
sion as well as by metabolic transter 

De. James H. Hauscumopr: I will answer Dr 
Pott’s questions first 

Does the 
give you as complete an answer as I would 


rate of inhibition go up linearly? I 
can't 
like to. We have not tested with phosphate meas 
urements any concentrations between 200 and 500 
Howe ver, we have che ked 
with re 


and I can 


mg. percent of glucose 
these different cx 
spect to pot 


neentrations of glucose 


und sodium recovery, 


answer that the inlubitory effect is not linear 
lo elaborate a bit, we have imve stigated glu- 
cose by itself up to as high as 600 mg. percent, 


and to rule out osmotic effects we also have added 


make the total osmoti« 


with 600 mg 


sucrose to pressure as 


would get percent of 


much as one 
glucose 

The sucrose itself has no marked effect. That 
would argue a bit agamst a strictly physical 
chemical effect. In other words, we are not observ 


ing a mass-action phenomenon I can't fully answer 


the question about the utilization of glucose as it 


is influenced by concentration 1 will refer that 
question to Dr, Harris 

With respect to metabolic inhibitors such as 
jodoacetatewe recognize 0.01 molar as a very 


high concentration. We had no particular reason 


for picking it except that tor about three years or 


so we have been using 0.01 molar metabolites such 


as members of the Krebs cycle, and other additives 
to the mediun sbout 0.01 molar. This 1s, 
perhaps, poor justification for using iodo 
that the 


have been 
wetate at 
efiects 


concentrations, 


this concentration. I have an idea 
would be noticeable in much lowe 
rather 


enzyme pots 


We have been 


because it 18 a specifi 


De. Joun E (closing) 


rather intrigued by the high level of glucose that 
we get in our diabetic lenses, Dr. Potts We have 
done considerable work on that, which we did not 
report here because of time limitations, with the 
idea that generally one can demonstrate im vitro 
effects of insulin only in diabetic tissues 


Our technique failed when we tried to use diabetic 


lenses. We took the lenses at the end of 60 hours 
(60 hours after the injection of alloxan), when the 
blood sugars ran from 350 to 600 mg. percent At 
the end of that time we found a cor lerable con 
centration of glucose in the lens, mucl higher than 
200 mg. percent. Generally it ran in the me ghber 


eretore, our 


hood of 300 to 10) me 
technique was not reliable 


percent. TI 


Interestingly enough, under those circumstances 
we actually found a depletion glucose when 
insulin was added, suggesting that im diabeti 
tissues we may have an insulin effect that 1s not 


nstrate in normal tissues The 
irbon-14 labeled 


possible to dem 
problem is being studied using ‘ 
ylucose 

I might add that we have used a wide range ot 


concentrations of iodoacetic acid im our work on 


cation transport. We used it in con iderably lower 
and somewhat in higher concentrations and, is a 
matter of fact, we did find that in lower concen 
trations we get an inhibition of the ition trans 
port. This happened to hit a relat vely median 
value at the time of our experiments 

The question of glucose utilizatior unl the 
effect of concentration on it has not been specih 


cally examined in the lens to my 

has been examined by a nun ber of experimentalists 
in other tissues, such as Wick and Drur is well 
as others. Using concentrations up t 1.000 me 


percent and generally using the intact but 


eviscerated animal, they did find a steady increase 
in glucose utilization as the concentration was in 
creased under the conditions of their expert ment 

We have not studied that pre blem with the 
since the utilization of glucose 1s too slight to be 
when concentrations of 


measured with accuracy 


500 to 1,000 mg. percent are employed 


TRANSPORT OF GLUCOSE At 
Joun | 
LORETTA 


Portland 


AND 


It has been observed that glucose in suth 
ciently high concentration (500 mg. percent 
effect the 
that 


deleterious on 
the 


which provides the 


has a 


of 


or more ) 


transport cations by lens, and 


adenosine triphosphat 
immediate energy for the phosphorylation by 
the cvcle, 


glucose enters glycolytic 


to 


which 


tends negate these adverse effects.' 


These observations suggested that glucose 


might be metabolically active at some lens 


surface, and, furthermore, that the move 
ment of glucose into the lens from the extra 
lenticular medium might be metabolically 


mediated. Such a concept has, indeed, been 
Miller. who observed that the 
by cle 


pre seTice acid 


advan d by 


glucose accumulated the lens was 


creased in the of iodoaceti 


The problem 1s mport int ince the cause of 


various cataracts is often considered to be 


diminished supply to the lens of nutrient 


material, which normally consists mainly of 


glucose. 


Our interest in the problem was 


he ightened by the prospect that study of the 


lens might contribute to a better understand 


ing of the mechanism of glucose transport 
across cellular membranes in veneral Un 
like manv cells, the lens normally contaims 
an appreciable quantity of free glucose; 
hence measurement of its accumulation 1s 
feasible. In addition, the lens is an avascu 
lar structure which can be removed im its 
entirety for in tro study with little 
disturbance to its nutrient supply. For these 
reasons the lens was considered to be an 
excellent tissue for studies aimed at de 


termining whether glucose crosses cellular 


* Fr the lohr Weeks Memorial Labora 
tory, Department of Ophthalmology, University of 
Oregon Medical School. Supported by a grant 
from the Diabetic Resear Foundation of Port 


land, Oregon 
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barriers by simple diffusion or metaboli 
both 

[wo reasonable approaches to the prob 
The first 


measurement of glucose accumulation undet 


mediation o1 


lem present themselves involves 


various conditions in the lens incubated in 
high glucose 


ot 


media containing a relatively 


concentration, concomitant with studies 


depletion of glucose from the medium, The 
second approach consists of measurements 
of the turnover of C"™ labelled glucose The 
present communication is concerned with 


the first approach 


MrtHuops 


Rabbit lenses were used throughout 


These 


proach in a mannet previously ce scribed 


were removed by a posterior ap 


Generally, two lenses from different animals 
37° 


contaiming 


incubated at in a small Erlen 


mever flasl 10 mil 
a modified Tyrode's solution’ to which extra 


were 


pet lens of 


glucose was added 
The media was equilibrated with a 95 pet 
5.0 mixture, except 


Un 


specihed the glucose concen 


cent ©), percent CO) 


when anaerobic conditions were used 


less otherwise 


tration employed was 400 my percent and 


the period of imeubation six hours. Under 


these circumstances the glucose concentra 


tion of the bathing medium remained sub 
under all experimental 


stantially constant 


conditions 

At the end of the period of observation 
the lenses were rapidly weighed, the two of 
them homogenized together and the proteins 
preciptated with barium hydroxide and zine 
substance was deter 


sulphate Reducing 


mined using the method of Somogyi* both 


before and after fermentation with yeast 


Results are expressed as apparent glucose 


which includes both the fermentable and 
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nonfermentable reducing substance, or as 
glucose, which is the fermentable reducing 
substance only. 

Employing the experimental procedure 
and analytic technique here described, there 
is little doubt that the fermentable reducing 
substance includes only free glucose. Such 
other reducing and fermentable substances 
as glucose-6-phosphate are precipitated 
by the barium hydroxide-zinc sulfate mix- 
ture. 

Concentrations are usually computed in 
units of wet lens weight, since the water 
content of the lens could not be determined 
under the conditions of this experiment. In 
specified instances results are expressed as 
concentration per unit of water, using a 
previously determined average water con 
tent for normal lenses of the size employed 
(66 percent®). With rare exception, each 
bar or point in the figures represents 
the average of at least eight analyses of as 
many pairs of lenses 

In addition, the quantity of glucose lost 
from the bathing medium to the lens was 
determined under many of the conditions 
employed. For this purpose lenses were in 
cubated singly for six hours in three ml. of 
a modified Tyrode’s solution (200 mg. per 
cent glucose) and the change in glucose con 
centration of the bathing medium noted. 
Results are computed in terms of mg./hour/ 
gm. of wet lens weight. Under the condi- 
tions of this experiment the figures obtained 
provide a measure largely of the glycolytic 
activity of the lens. Except when the gly 
colytic poisons were used, the accumulation 
of glucose within the lens accounted for only 
approximately one tenth of the total glucose 


lost from the medium. 


NORMAL GLUCOSE LEVELS OF THE LENS 


Thirty-six fresh 
demonstrated an average total reducing sub- 
stance equivalent to 43.4 mg. of glucose per 
100 gm. of wet lens. Of this apparent glu 
cose an average of 23.6 mg. was found to be 


analyses of lenses 
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nonfermentable reducing substance. Thus, 
by difference, the true glucose level averaged 
19.8 mg. per 100 gm. of wet lens. This is 
lower than values reported by others,” a 
discrepancy which is probably accounted for 
by the difference in analytic techniques. The 
quantity of nonfermentable reducing sub 
stance was quite constant under the various 
experimental situations and did not differ 
significantly from that found in fresh lenses. 


KINETICS OF GLUCOSE UPTAKE BY THE LENS 


The first step in the analysis of this prob 
lem was to determine whether the accumula 
tion of glucose within the lens was propor 
tional to its concentration in the bathing 
medium. The existence of such a propor 
tionality would not necessarily distinguish 
between an active and a passive process, but 
lack of such a proportionality would rule out 
a movement by simple diffusion. Two ap- 
proaches were utilized: 

The first the 
change in concentration of lens glucose with 
time. Lenses modified 
Tyrode's solution (containing 200 mg. per 


was measurement of the 


were incubated in 
cent glucose) and analyzed for glucose con 
tent after various time intervals. The results 
did not fall on the simple exponential curve 
to be expected if the movement were one of 
simple diffusion (fig. 1). This deviation 
may be due to failure of the entering glu 
cose to distribute itself equally throughout 
the lens substance.* The results therefore 
are not incompatible with the view that the 
accumulation of glucose within the lens 1s 
proportional to the glucose concentration in 
the bathing medium. 

The second approach was to measure glu 
cose accumulation by lenses incubated for a 
interval (three hours) in 


constant time 


* Another source of discrepancy was a decrease 
the bathing medium 
incuba 


in glucose concentration of 
which became after 10 hours’ 
tion. This error is minimized by plotting the ratio 
of lens to media glucose rather than the concentra 


significant 


tion in the lens as the ordinate 
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Rotio-Lens Media Glucose Gm.,0) 


Fig. 1 (Harris, Hauschildt, and Nordquist) 


lenses at 37°C 


Each point represents at least eight analyses, except the 


four analyses, respectively 


media containing various glucose concentra 
tions. The glucose content of the lens was 
found to be a linear function of the concen 
tration of the external medium (fig. 2), in 
dicating that the accumulation of glucos 
within the lens is a simple function of the 
Such 


with the view that glucose 


concentration presented to it. results 
are compatibl 
passively diffuses into the lens although the 
possibility of a metaboli mediation, also 
proportional to the concentration, cannot be 
excluded. 
Obviously, the measured accumulation 
after a 


balance 


given time interval represents a 


between the amount of glucose 
which enters the lens and that utilized by it. 
Interpolation from the graph (hg 2) indi 
cates that that concentration in the external 
medium which will just maintain the normal 
lens glucose during a three hour period is 
122 mg. percent. This is somewhat higher 
than the values usually reported for aqueous 
The for this 


glucose concentration reason 


discrepancy is not immediately apparent. 


i 
0 
Hours Incubation- 37°C 


Ratio 


for various time intervals in modified Tyrode's solution « 


14 16@ (6@ 20 22 24 26 26 


of lens media glucose after im ubation of rabbit 


ontaining 200 mg. percent glucose 
22- and 28-hour points, which represent six and 


krrect OF INJURY TO THE LENS AND 


ITS CAPSULE 
Studies of active transport of cations have 
indicated that incision of the lens capsule 
or seemingly minor injury (massage) of the 
lens surface markedly alters its ability to 
The effect of 


such manipulations on the ability of the lens 


concentrate the positive ions.’ 


to accumulate glucose was accordingly im 
vestigated 

The lens capsules were incised on either 
their anterior or posterior surface, the in 
cision extending approximately two thirds 
of the lens diameter, and a lip of capsule re 
maining inside the equator at either end of 
the incision. Lenses of another group were 
gently massaged on one or the other surface 
with a blunt glass rod. 

The both 


groups was compared with that of uninjured 


accumulation of glucose by 
lenses. Neither incision nor massage of the 
capsule significantly altered the rate of ac 
cumulation of glucose by the lens (fig. 3). 
The uptake of glucose from the media and 
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Fig. 2 (Harris, Hauschildt, and Nordquist) Glucose concentration ot 


17°C. for 
point represents at least eight analyses 


three hours in modified Tyrode's 


hence the utilization of glucose was sigmih 
cantly reduced when the capsule was in- 
cised (table 1).* 


ErrECT OF ANAEROBIC CONDITIONS AND 


VARIOUS METABOLIC POISONS 


Lenses were incubated as previously de 
scribed, but in a medium equilibrated with 
a 95 percent N,-5.0 percent CQ, mixture 
As compared with lenses respiring normally 
but otherwise under identical circumstances, 
the accumulation of glucose within the lens 
was reduced in the absence of oxygen 
(fig. 4). 

In the presence of cyanide (and oxygen) 
the accumulation of glucose was diminished 
even more. Cyanide has been shown to in 
hibit respiration of tissues, including the 
lens.* However, the anaerobic breakdown of 


glucose can proceed in either the presence 


* Here, as elsewhere in the paper, the question 


of the significance of differences between means 


has been resolved by employing the t-test, accept 
ing p = 0.05 as the confidence level 
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Medio Glucose-mg % 


rabbit lenses after incubation at 


containing various glucose concentrations bact 


of cyanide or the absence of oxygen. The 
fact that the depletion of glucose trom the 
bathing media was increased under anaerobi 
cyanide 


conditions or in the presence of 


(table 1) supports the view that the lowered 


FABLE 1 


DEPLETION OF MEDIA GLUCOSE BY THI 
BATED AT 37°C. FOR SIX HOURS IN MODIFIED 
TYRODE'S SOLUTION WITH 
VARIOUS ADDITIVES 


LENS INCI 


(slucos 

Depletion 

Media Additive mg./hr./gm 
ol wet 
lens wt 
None 0.78 
None, incised capsule 0.65 
\naerobu 109 
0.001 M NaCN 1.18 
O0OIM dinitrophe nol 0.62 
0.025 M iodoacetic ac id 0.14 
0.05 M Nak 0.0 
0.05 M Naf, incised capsule (). 28 
0.1 unit insulin/ml 0.87 
0.1 unit insulin /ml., incised capsule 0.79 
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x 
° 


2 
° 


Capsule 
incised 


Capsule 
intact 


Capsule 
Mossoged 


Glucose Accumulotion-mg//00 Gm. 


Wet Weigh! 


nd Nordquist) 
cumu 
ihated at 37° ¢ 


lie on the a 


olution con 


accumulation in these cases is probably due 


to increased glucose utilization rather than 


to decreased glucose tran port 


lo negate the influence of utilization on 


the measured accumulation substances 


which inhibit glucose breakdown were em 


tuche dimitrophenol, 


and 


ployed kor the 


ul were 


these the 


sodium fluoride, 


chosen. In the presence of any of 


depletion ol glucose from the medium Was 


found to be reduced (table 1) 


Dinitrophenol is an uncoupling agent 
which by inhibiting oxidative phosphoryla 


high 


concentrations it 


tron deplete the supply of energy 


phosphates. In low stimu 
lates of the lens® and 


other tissue 


oxygen consumption 
but depresses respiration and 
concentrations 
concentration (0.01 M) 


inhibited 


utilization in higher 


vlucose 
In appropriate 


dinitrophenol markedly glucose 


accumulation by the lens (fig. 5). In the 


presence of either sodium fluoride or 


iodoacetic acid, both of which inhibit specifi 


reactions in the glycolyti sequence, the 


accumulation of glucose by the lens was 


similarly reduced (fig. 6). The results indi 


cate that these substances inhibit the trans 


port ot glucose into the lens 


The possibility that the lowered glucose 


lenses incubated with dinitro 


uptake by 


ACROSS LENS 


° 


° 


Anaerobic Cyanide 


0.00IM 


Glucose Accumulotion-mg//OO Gm. Wet 


Weight 
° 


Hauschi'dt and Nordquist) 


conditions 


(Harris 
wide and 


Fig. 4 
] flect of 


accumulation of glucose in rabbit lenses 


on the 


mcubated 
37°C. for six hours in modified Tyrocde solu 

WH) rie cen lucose. Control 
tlation of vluce ntact 


s given m Figure 


phi nol, fluoride, or iodoacetate resulted 


from a decrease available tri 


phosphate or a decreased turnover ot 


adenosine triphosphate was next considered 
(A decreased turnover of adenosine triphos 


phate in erythrocytes poisoned with 


acetic acid or sodium fluoride has been re 


Control Level 


Dinitrophenol 


Dinitrophenol 


Fig. 5 (Harri Hauschi and 


Effect of dinitrophenol on a 


Glucose Accumulation - mg/lOO Gm. 


Nordquist ) 
cumulation of glucose 
meubated at 37°C. tor « hours m 


100 mg. per 


in rabbit lenses 


olution contammng 


modified Tyrode’ 


cent glucose. Control level is accumulation of glu 


cose through the intact capsule as given im 


Figure 3 


----------Control Level------ 
|| 
= 
|_| 
Fig. 3 (Harri, Haus 
Effect of injury to the le 
lation glu ein rabbit ler 
for six hours in modified Tyrode a gp 
taining 400 me. percent glucose 
at 
apule 
= 
Ly 
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lodoacetate 
0.025M 


Fluoride 
0.05™ 


Nordquist) 
accumula 


Hauschildt, and 
fluoride on 


(Harris, 
iodoacetate and 


Fig. 6 
Effect of 
tion of glucose in rabbit lenses incubated at 37°C. 
for six hours in modified Tyrode's solution con- 
taining 400 mg. percent glucose. Control level is 
accumulation of glucose through the intact capsule 


as given in Figure 3 


ported."') To test this possibility the effect 
both 
and an 


of adding adenosine triphosphate 


(0.001 M) 
(fluoride) was observed. In the presence of 


enzyme inhibitor 
adenosine triphosphate the accumulation of 


glucose was significantly increased and 


hence the inhibition induced by fluoride at 
least partially overcome (fig. 7, table 1). 


with ATP 
0.00I1M 


Without 
are 


Glucose Accumulotion-mg//0O Gm. 
° 


Wet Weignr 


Fig. 7 (Harris, Hauschildt, and Nordquist). 
Effect of added adenosine triphosphate (ATP) on 
of glucose in rabbit lenses incu 
bated at 37°C. for six hours in modified Tyrode's 
solution containing 400 mg. percent 
0.05 M sodium fluoride. Control level is accumu- 
lation of glucose through the imtact capsule as 
given in Figure 3. 


accumulation 


glucose and 
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EFFECT OF INSULIN AND ADENOSINE 


TRIPHOSPHATE 


One of the postulated effects of insulin 
is the promotion of glucose transport across 
? The effect of 


glucose accumulation by the 


cellular barriers.’ insulin on 


lens Was at 
cordingly studied. In a concentration of 0.1 
unit per ml. of media, insulin did not sig 
nificantly affect the accumulation of glucose 
by the lens (fig. 8). In the experimental 
series here reported glucose utilization by 
the lens with an intact capsule was not sig 
nificantly altered by insulin (table 1). 

Insulin activity in vitro can generally be 
most adequately demonstrated in diabetic 
tissues. (A valid question arises whether in- 
sulin is normally present in the aqueous 
humor. Studies in our laboratory using as a 
tracer insulin iodinated with radioactive 
iodine have at present not conclusively ruled 
out the possibility that some insulin enters 
the aqueous. ) 

A study of the effect of insulin upon 
glucose accumulation by the lenses of 
alloxan-diabetic rabbits was attempted but 
the described procedure was not found to 


adapt well to this technique because of the 


-- 


are 
0.001 


Insulin 
0.1 Unit smi 


ATP (O0.001M) + 
insulin(O.1 unitsmi) 


Glucose Gm 


Wer Weight 


Fig. 8 Hauschildt, and 
Effect of triph sphate, 
adenosine triphosphate, plus insulin on accumula 


Nordquist ) 
insulin, and 


(Harris, 


adenosine 


tion of glucose in rabbit lenses incubated at 37°C 
Tyrode's solution con 
Control level is 


for six hours in modified 


taining 400 mg glucose 


accumulation of glucose through the intact capsule 


percent 


as given in Figure 3 


TRANSPORT OF 


initially high and variable glucose levels im 
the diabetic lenses 

It is of interest, however, that when the 
animal were in 
added 
insulin in media containing 400 mg. percent 
total 


every 


two lenses from a diabeti 


cubated, one with and one without 


glucose, the lens glucose after six 


hours was in instance lower in the 
lens incubated with insulin than in the one 
where the hormone was not employed. This 
may indicate that glucose utilization by the 
diabetic lens was increased when insulin was 
added. However, an unequivocal determina 
tion of the effect of insulin on the transport 


and utilization of glucose by the intact lens 


studies with C** 


must await the results of 
labelled ose, 

The effect of adenosine triphosphate, both 
added 


studied, using normal rabbit lenses. 


with and without insulin, was also 
Adeno 
sine triphosphate did not significantly alter 
the accumulation of glucose by the lens 
(fig. 8), perhaps indicating that adenosine 
triphosphate is normally present in the lens 
in optimal concentration; hence an added 
quantity does not significantly alter the rate 


of glucose uptake 


SITE GF THE BARRIER TO GLUCOSI 


Our experiments with cations have indi 
cated that the 
transport occurs lies at or in close proximity 
to the Whether a 
barrier is involved in the transport of glu 
tested by 

with the 


barrier across which cation 


lens capsule similar 


cose was comparing glucose ac- 


cumulation capsule intact and 
incised. The accumulation in the two prepara 
tions was found not to differ significantly 
(fig. 1). 

(One might reason that since the utiliza 
tion was reduced when the capsule was in 
cised, the overall transport into the lens 
was greater through the intact capsule and 
that, therefore, some active mediation must 
occur at the capsule. Such a conclusion from 


this data, however, would be hazardous. ) 


However, the employment of an 


enzyme 


GLUCOSI 
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Capsule Capsule 
incised intoct 
Fig. 9 (Harris, Hauschildt, and Nordquist) 
Effect of incision of the capsule on accumulation 
glucose in rabbit lenses incubated at 37°C. for 


solution contamimng 
005 M 


umulation of 


six hours in modified Tyrode's 
me 
fluoride, 


percent glucose and sodium 


ntrol level is ace glucose 


through the intact capsule as given in Figure 3 


inhibitor known to reduce glucose transport 
provides a better test for such a barrier. 
Thus, in media containing fluoride a greater 
accumulation of glucose was observed in the 
lens with an incised capsule than in the one 
with the capsule intact (fig. 9, table 1). 

The results support the view that the glu 
cose transport mechanism acts at some 
barrier at or near the lens capsule. They do 
not rule out the possible existence of some 
other barrier to movement which is poisoned 
by fluoride 

When the lens with incised capsule was 
incubated in the presence of insulin, the 
glucose accumulation was significantly less 
than when either the intact lens was incu 
bated with insulin, or the lens with incised 
capsule was incubated without insulin (fig 
10; compare fig. 3) 

At the same time the depletion of glucose 
from the bathing medium by lenses with 
incised capsules was significantly greater 
when insulin was present (table 1). These 
data are compatible with those of Ross.” 
However, it is reasonable to take issue with 
his conclusion that the stimulating effect of 


insulin on the uptake of glucose by decapsu 
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120Fr 

6 - 

= 

Capsule Capsule 
6: incised Intoct 
Fig. 10 (Harris, Hauschildt, and Nordquist) 


Effect of incision of the capsule on accumulation 
of glucose in rabbit lenses incubated at 37°C. for 
six hours in modified Tyrode’s solution contaimng 
400 mg. percent glucose and 0.1 unit insulin per ml 
Control level is accumulation of glucose through 
the intact capsule as given in Figure 3 


lated lens substance is due to the mediation 


of glucose transport across a cellular 
barrier. From present evidence, one can only 
that 


utilization by this tissue in a manner which 


conclude insulin stimulates glucose 


remains to be clarified. 


COMMENT 


The results leave little doubt that the 
transport of glucose into the lens is meta 
bolically mediated and that the movement ts 
proportional to the concentration in the 
external medium. Since in no mstance was 
a higher concentration of glucose achieved 
in the lens than was present in the sur 
rounding fluid, this transport cannot be con 
sidered an active transfer. Rather the term 
“assisted transport” might be preferable No 
specific mechanism such as phosphorylation 
of glucose can be implied from our data 

that a 


highly dissociable complex of glucose with 


The possibility certainly exists 
some unknown substance 1s formed at the 
limiting surfaces. Such a complex has been 
postulated to mediate the movement of glu 
cose into the erythrocyte."* However, some 


relation of glucose transport to the high 


energy phosphates seems likely. 
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The hypothesis that morgan phosphate 
enters the erythrocyte by forming adenosine 
triphosphate, that this process ts poisoned by 
fluoride and iodoacetate ions, and that it is 
closely associated with glycolysis is of inter 
est." The movement of phosphate and 
glucose may be closely associated. It 1s 
emphasized, however, that our results do not 
rule out the possibility that some glucose 
enters the lens by simple diffusion 

The question of the site of this transport 
cannot be finally answered. Certainly, at 
least one site lies at or near the lens capsule 
The sum total of our experience with cation 
and glucose transport has strengthened the 
concept that the lens acts much as a single 
large cell, whose limiting barrier ts neat the 
lens surface and which shows the compart 
mentalization of metabolic activity typical of 
a single cell. Much clinical experience, such 
as the cataractogenic effect of trauma, ts best 
uterpreted from this viewpoint 

The contrast of the data here presented 
obtained under similar circum 


with those 


stances but concerning lens cation balance 
is sufficiently striking to deserve comment 
For example, when the lens 1s poisoned with 
sodium fluoride or iodoacetic acid a cation 
shift toward equilibrium with the external 
medium is observed.’ In respect to glucose, 
however, these poisons reduce the te ndency 
with the external 


toward equilibrium 


medium. This contrast emphasizes that the 


results in each mstance are not due to a 
nonspecific effect on permeability of the 
harriers but rather to the inhibition of some 


more spec ifn metabolic process OT processes 


StU M MARY 


1. Studies of the accumulation of glucos« 
within and the utilization of glucose by the 
rabbit lens treated with various enzyme im 
hibitors have indicated that glucose does not 
enter the lens solely by simple diffusion but 
also by some active process involving meta 
bolic mediation 

2. One site or barrier at which this pro 


ess occurs lies at or in close proximity to 
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the lens capsule ome other barrier may glucose across the lens barriers has not been 


established 
3181 SW. Sam Jackson Park Road (1) 


also exist 
3. The role of insulin in the transport of 
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A SCINTILLATION COUNTER FOR THE DIAGNOSIS 
OF INTRAOCULAR MELANOMAS* 


Jerome W. Berrman, M_D., 


AND Victor Fettows, M.D. 


San Francisco, California 


Eyes containing lesions which simulate 


melanomas are sometimes enucleated un- 


necessarily. At times the removal of intra- 
ocular melanomas is unfortunately delayed 
because of an error in diagnosis. An instru- 


ment which would definitely aid in the 
differential diagnosis of melanomas and 
benign intraocular lesions is highly de- 


sirable. 

Radioactive phosphorus (P"*) given in 
travenously in the form of sodium biphos- 
phate is taken up in higher concentrations 
by actively growing tumor tissue than by 
benign tissue. This fact was first demon 
strated clinically when P** was used as a 
diagnostic aid in the detection of breast 
tumors by 1946." It 
originally applied to ophthalmology in the 


Low-Beer in was 


differential diagnosis of intraocular lesions 


by Thomas, Krohmer, and Storaasli in 
1952.* 
In most organs other than the eye a 


biopsy is easier and more accurate than the 
determination of activity over a lesion after 
the injection of a radioactive substance. For 
this reason, the use of I’"* or other radio 
isotopes has not found wide acceptance as a 
biopsy. In ophthalmology, 


substitute for 


however, the situation is different. Biopsies 
of intraocular tumors are generally unsatis 
factory and sometimes dangerous or diff- 
cult. For this reason, the possibility of 
arriving at a more accurate differential diag- 
nosis of malignant and nonmalignant intra 
ocular lesions by the use of radio-isotopes 
cannot be put aside lightly. 

If the differential diagnosis of malignant 
intraocular tumors through the use of radio 

*From the Division of Ophthalmology, De- 
partment of Surgery, Stanford University School 
of Medicine. Supported by an institutional re 
search grant from the American Cancer Society 


active phosphorus is to be reasonably ac 
curate, two essential steps must be followed: 

1. The counts of radioactivity must be 
made a long while after the injection of 
pes, 

2. The counter must be 
the the 
proximity. 


placed directly 
over lesion in closest possible 

If these two steps are not followed the 
test is grossly inaccurate and very mislead 
ing.” Therefore, these steps must be con 
sidered in more detail. 

There is reason to believe that more ac- 
differential 
24 hours or more after the injection of 


ps2. 


jection, the phosphorus is largely free in 


curate counts will be obtained 


During the first 15 minutes after in 


the blood stream.* During the remainder of 
the first hour it is diffusing into the tissues. 
Counts taken at this time only indicate the 
the the 


rate of cellular growth. 


vascularity of tissue, rather than 

After phosphorus has diffused into the 
tissues it is found combined with carbohy 
drates, fats, and proteins. In general, in 
studied, the 


radioactive phosphorus is evident first in 


most tissues combination of 
the carbohydrate, second in the fat portion, 
and third in the protein.* The phosphorus 
in carbohydrate reaches a state of equi 
librium in approximately one hour, whereas 
the phosphorus in nucleoprotein may take 
up to 48 hours 

Malignant tumors contain more nuclei; 
therefore more nucleoprotein. It is the phos 
phorus in nucleoproteins that we wish to 
count and therefore more rewarding results 
the 


longer intervals after injection 


will be obtained if count is made at 
The instrument used to count the radio 
the 


lesion. Radioactive phosphorus is a pure 


activity must be placed directly over 
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Fig. 1 (Bettman 
Lon parison ot 


counters 


Scintillation 


beta emitter. The beta rays have a maximum 


penetration of eight mm. and an average 
penetration of three mm. through tissue. If a 
Geiger-Miller tube is placed directly over 
the lesion, it will count every beta ray that 
gains access to it; but a Geiger-Miiller tube 
of such a size and shape that it can be placed 
over a lesion situated in the posterior two 
thirds of the eyeball has not been available 
until the present time 

Figure 1 shows the Geiger-Miiller tube 


designed for use over the eye, and Figure 2 
shows the tube in position over the globe, 
with a which 


contrasted scintillation probe 


It will be 
seen that beta rays emanating from a lesion 
of the globe will 


can be placed posteriorly readily 


in the posterior two thirds 


not be able to travel as far as the Geiger 


Scintillating crystal 


ATION COUNTER 


Counter Geiger Tube 


Muller tube and consequently the efficiency 
of the tube The 
clinical incidence of these posterior lesions 


for such a lesion is zero 


is relatively large well over 50 percent of 


all intraocular lesions 
More recently a Geiger-Miller tube has 
been produced in a modified shape and size 
so that it can be inserted behind the eyeball 
However, in producing these changes the 
efficiency of the instrument has been re 
duced to hardly 60 percent of the efficiency 
of the Geiger-Muller tube previously used 

even for lesions situated more anteriorly, 
the counter must be placed directly over the 
turned at an angle; other 


lesion and not 


emanating from the 


thickness of 


wise beta parti les 


rectus muscles and varying 


uveal tissue will alter the count.’ 


Meta/ casing opaque to 
light and B rays 


Curved lucite 
light pipe 


Thin window 

opaque to light- 

transporent to 
fej rays 


Preamplifier 
Lead cap. 


Fig. 2 (Bettman and Fellows) 


Casing for 
P-M tube 


Photo multiplier 
tub 


Diagran 


SCALER 


Coble connecting 
probe to scaler 


intillation counter 


171 
«x 
G 
Q 


172 IEROME W. BETTMAN 


that a_ scintillation 


counter might be developed for use directly 


It occurred to us 
over a tumor situated in the posterior por 
that a 
Geiger-Miller tube may be a slightly more 


tion of the globe. It is conceded 
efficient instrument for counting beta parti 
cles when those particles can gain access to 
it, but, as pointed out above, the parti les 
from a posterior lesion cannot gain access 
to it, the 
Geiger-Miuller tube is totally inefficient. The 
Muller 


posterior use is not of very high efficiency. 


and therefore in this instance 


smaller, curved Geiger tube for 


A scintillation counter works on an en 
tirely different principle than the Geiger 
Muller tube 
cylinder filled with an inert gas and with a 


The latter consists of a metal 


wire running down the center of the cylin 
der. The central wire acts as the anode and 
the metal wall acts as the cathode when a 
voltage potential is maintained across these 
electrodes. One end of the metal cylinder is 
covered only with a mica window through 
which a beta particle can enter. The beta 
particles produce ion pairs by collision. The 
pairs produce others and this process is re 
peated until an entire avalanche of ions is 
created and these register one count on the 
scaler. 

The 


marily of a material called a phosphor, capa 


scintillation counter consists pri 


Some light internally 

reflected in 
roy enters /ucite 
erystoal pro- 
ducing light. 
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ble of producing light when tonized by a 
The light the 
phosphor can be conducted around a curve, 

j the the 


radioactive particle from 


as trom posterior part of eveball, 


by a material such as polymethyl metha 


crylate (lucite perspex) which acts as a 


“light pipe.” 
Through the 

pipe the light is conducted to a photomulti 

the tube the light 


where the light 


medium of the lucite light 


plier tube. On 
strikes the 
energy causes 
Within the 

dynode and causes several electrons to be 
These strike other 


entering 
photo cathode 
electron to be 


this 


an given off 


electron strikes a 


given off dynodes, and 
the entire process 1s repeated so that the 
original electron is multiplied many times 
The current resulting from these many elec 
trons is amplified and registers as one count 
on an automatic counting device known as a 


3 and 4) 
counters 


sealer (figs 


Scintillation are widely used in 
physics and medicine, but none has been cd 

\ series 
of experiments were conducted to deve lop 
the 
posterior portion of the globe. It was agreed 


fulfilled 


veloped for use behind the eyeball 


a scintillation counter for use over 


that the following criteria must be 
1. The 


and shape that it can be inserted behind the 


instrument must be of such a size 


globe through an opening in the conjunctiva 


Electron strikes metal 
plate producing 
several electrons 


Process repeated 


Mony multipli- 
cations 


Light strikes photo- 
sensitive surface of 


photo multiplier tube 


Electron produced 
from photo sensitive 


Fig. 3 (Bettman and Fellows) 


Current of 
e/ectrons 


surfoce activates scaler 


Diagram of how a scintillation counter works 


SCINTILI 


2 The phosphor must he one wh h does 


not readily deteriorate, 1s transparent to tts 


own light emanations, and gives a strong 


enough pulse on stimulation with beta parti 


cles that the light can be conducted through 
curved lucite light pipe and present enough 


energy to stimulate a photomultipher tube 


3. The entire instrument must be shielded 
from beta particles arising trom xtraocular 
tissues 

$. The instrument must be sterilizable 


or covered with a sterilizable material 


In order to fulfill these qualifications a 


number iT experiments performed to 


determine (1) the substance 


as a phosphor, (2) the 


most suitable 


proper size, shape, 


and thickness of the phosphor, 3) certain 


other effects such as the importance of a 
reflecting material around the phosphor, 
(4) the proper ze and shape of the 
“light pipe” and light-tight container 

These subjects are summarized a 


follows: 
of a suitable phosphor 


1. Determination 


| Phosphors may be clas ihed as fa) mn 


organic, (b) organic ery talline, (c) organi 
plastic and solution phosphors.*] 
The most ethoent morgan phosphor 1s 


This 


used because it 1s opaque to its 


zine sulfick substance could not be 


own phos 


phoresence in any useful thickness, Sodium 


iodide is next in efficiency, but could not be 


used because it Is delique scent All other 
alkali halides are les ethcrent The next 
best is potassium iodide activated with 


thallium. but its efficiency was less than the 


rABLE 1 


EPFICIENCY OF CERTAIN PHOSPHORS COMPARED 
with Geicger-MULLeR TUBE*® 


Efficiency 


(per cent 
Geiger-Muller tube 100 
Anthracene gS 
Scintillating plastic 6) 
KI (thallium 


* These are only approximate and vary with the 
size of the phosphor 
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Photograph of 


(Bettman and Fellows) 
ntainer with Lucite cones and vari 


Fig. 4 
experiment al 


ous phosphors on their tip 


organic phosphors and it pre sented the dis 
advantage of containing the natural isotope 
K,O which is radioactive. The latter raised 
the background count to a disturbing degree. 

Anthracene (Cl, Hy) is the most efficient 
of the organic crystalline phosphors, and, 
Vable was 


suitable of all phosphors that might be con 


as will be seen from the most 


sidered for this purpose. It only presented 
the disadvantage that individual pieces could 
not be worked readily from a large block 


An organic plastic phosphor was found to 


be almost as efficient as the anthracene, and 


was used for much of the experimental 


work because piece could Ine readily cut 


from a large block and shaped, polished, and 
worked as desired 
2. Determination of size, 


sha pi _and thick 
ness of the phosphors.” It is obvious that 


*In order to facilitate the testing of variou 
phosphor im experimental container of one-mm 
thick brass was made to attach to an RCA photo 
multiplier tube (#5819). At the end ind side of 


“window” was 


Bakelite 


were 5 mm n 


container a 


Bakelite 


the brass 


pl aced The 


“windows” 


\ 
— 
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TABLE 2 
EvPECT OF THICKNESS UPON EFFICIENCY 


Square Thick Efficiency 
(mm.) (mm.) (per cent) 

Geiger-Muller tube 100.0 
Scintillating plastic Toe 6.0 82.8 
Scintillating plastic 7.5 4.5 73.3 
Scintillating plastic 7.5 69.8 
7.5 1.5 60.3 


Scintillating plastic 


the larger the area 6f scintillating material 
exposed to a source of ionizing radiations, 
The effect of 


experi 


the higher will be the count 
thickness had to be determined 
mentally. Pieces of plastic material of the 
same area, but different thicknesses, were 
cemented to standard lucite light pipes and 
exposed to a standard sample of P®*. The 
results are shown in Table 2. 

Table 2 demonstrates that a fourfold in 
thickness only the 
efficiency one fourth. It was obvious then 
that a thin phosphor which could readily be 
slipped behind the globe was almost as ef 


crease in increases 


ficient as a thick, unwieldy phosphor 

In the foregoing experiments the phos 
phors were all tested while mounted with a 
large side cemented to the lucite. It was ob 
vious that a more conveniently shaped in 
strument could be made if the phosphors 
were mounted on edge. 

At first this seemed to result in too great 
a decrease in efficiency. The great decrease 
in efficiency the 
surface of contact between the phosphor and 
the 


was not due to smaller 


the lucite light pipe. It was because 


diameter, readily permeable to beta rays, but light 
tight. The Bakelite windows were so positioned 
that various phosphors placed within the container 
were always at the same distance from a sample of 
p* placed in contact with the Bakelite window 
Several cone-shaped lucite light pipes of a standard 
size were made so that the phosphors could be 
quickly cemented to them. The light pipes were so 
shaped that their area constantly 
increased in size, and the ends were ground to the 
same curvature as the photosensitive surface of the 
photomultiplier tube. A picture of this experi 


cross-sectional 


mental container and several lucite light pipes with 
phosphorus attached is shown in Figure. 5. 
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phosphor mounted on edge had to act as its 
own light pipe to conduct the light from 
the point of ionization to the lucite 

Experiments were undertaken to find out 
how an efficient instrument could be con 
structed. 

From the experiments (table 3) we were 
assured that a conveniently shaped scintil 
lator with a thin phosphor mounted on edge 
could be built with almost as much efficiency 
as a thick cumbersome phosphor mounted 
flat. In order to increase the efficiency of the 
conveniently shaped and mounted phosphor 
to this ce gree, it was necessary to make it 
wedge-shaped, with polished surfaces and 
wrapped in aluminum foil 

It was demonstrated that a convenient 
curve in the lucite light pipe did not de 
crease the efficiency as compared with a 
straight lucite light pipe. 

On the basis of these experiments, a 
scintillation probe was constructed. It con 
sisted of a phosphor of anthracene 7.5 mm. 
square and wedge-shaped, two mm. thick at 
the edge and three mm. thick at the surface 
of contact with the lucite light pipe. Each 
surface was polished. The lucite light pipe 
was made to fit the end of the phosphor 
wedge and of gradually increasing cross 
sectional area with the other end ground 
to fit the photosensitive surface of a #5819 


TABLE 3 


Errect or MOUNTING, POLISHING AND USE 
OF REFLECTOR ON PFFICIENCY 


per cent 
Geiger-Muller tube 1000 
Polished scintillating plastic, mounted 
flat 62.6 
Wedge-shaped — plastic size 
mounted on edge. unpolished and 


without aluminum reflector 7.1 
Same, polished but without aluminum 
reflector 28.7 


Same, polished and with aluminum re 


flector over phosphor only 50.0 
Same, polished and with aluminum re 

flector over phosphor and lucite 

light pipe $4.7 


SCINTILLATION COUNTER 


RCA photomultiplier tube. It was curved to 
make it convenient to place behind the globe 

A case of thick was made 
brass 0.012-mm 


Chis thickness of silver 


silver 0.6-mm 
with a thin “window” of 
thick soldered to it 
penetration of P 


thin 


prevents beta parti les, 
although the 
almost unlimited entry of betas 

he 
completely light-tight. The 
into the 


brass window permits 


was constructed sO as be 


end of the case 


was machined to screw light-tight 


case surrounding the photomultiplier tube 


and preamplifier. Scintillations were counted 
on a scaling circuit 

A rubber sheath of the tingercot type was 
placed over the case enclosing the phosphor 
lucite light A cloth 


sleeve was made to enclose the photomulti 


sterility 


and pipe for 


plier case in the same manner as It 1s used 
to cover an ophthalmoscope during a retinal 
Phe use of the auto 
cloth 


reattachment operation 


claved rubber sheath and sleeve 


rendered the entire instrument sterile, so 


that a surgeon might insert the radiosensi 


tive tip through a conjun tival incision with 


out fear of contamination.* 


(Bettman and Fellows). View of 


scintillation probe 


Fig. 5 


(Bettman and Fellows). View of 


scintillation probe. 


Fig. 6 


Phe anthracene scintillation probe finally 
constructed attained an efherency of 93 to 
100 pereent of the 
This 

ethorency 
Muller 
posterior globe 


and thickness of the 


straight Geiger-Mullet 
scintillation counter has a much 


than the 


tubs 


greater smaller curved 


(eget tube made to use ovet the 


It is approximately of the 
curvature Arruga re 
tractor used in retinal reattachment opera 
tions (figs. 6 and 7) 

The scintillation counter presented in this 


article permits the ophthalmologist to obtain 


* This counter of the 
phosphor, light pipe, and lght-tight case ready for 
photomultiplier tube 


boratory, 518 


scintillation consisting 


connecting to the standard 
was made by the Parsons Optical I 
Powell Street, San Francisco 
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a count of radioactivity from directly over 
a tumor situated in the posterior portion of 
the globe. This eliminates many of the in 
accuracies encountered when a straight 
Geiger-Miiller tube is used for this purpose 
as this tube is not of a size or shape that it 
can be placed anywhere near a posteriorly 
situated lesion 

The errors encountered with the straight 
Geiger-Miller tube are so gross as to render 
this counter totally useless for posterior 
lesions, as previously reported by us.” The 
small curved Geiger-Miller tube recently 
developed eliminates these errors, but it 1s 
less efficient than the scintillation probe 
Under the conditions of a physics labora 
tory, the Geiger-Miller tube is a slightly 
more efficient instrument for the counting 
of the 


counter. Under the conditions of a clinical 


beta particles than scintillation 
diagnosis of a tumor situated in the pos 
terior two thirds of the globe, the scintil 


lation counter is definitely more efficient 


SUM MARY 


The use of radioactive phosphorus in the 
diagnosis of intraocular tumors may be a 
very useful clinical procedure prov ided (1) 
the counts are made long enough after the 
injection of P** and (2) the counter 15 
placed directly over the lesion 


The straight Geiger-Miller tubes availa 
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ble cannot be placed over a lesion in the 
posterior portion of the globe and are totally 
inefficient for this purpose. The newly ce 

veloped curved Geiger Miiller tube is less 
the 


efficient than a scintillation probe 


efficient than straight tube and_ less 


A scintillation counter can be construc ted 
of such a size and shape that it can be placed 
over such lesion 


directly a posterior 


Experiments established that an efhcrent 


instrument could be made of a phosphor o! 


anthracene made in a wedge-shap with 
polished surfaces and cemented on edge to 
a lucite light pipe. The light pipe was curved 
and of 


sectional area and fitted to a photomultiplier 


made a gradually mereasing cross 


tube. The phosphor and light pipe wer 
wrapped in a reflector of alummum foil and 
ih 


was encased in a silver case 


beta 


the 


permeable to radiations except for a 
window of very thin brass to be placed ch 
rectly over the lesion. | nder conditions ot 
a physics laboratory the scintillation counter 
had an efficiency of 93 percent of a Geiger 
Miller counter, but under clinical conditions 
it was definitely more efficient. 


2400 Clay Street (15) 


The authors are indebted = t Robert Newell, 
M.D., professor of biophysics, Stanford Univer 
sity School of Medicine, without whose help thi 
work would have been impossible; and to Daniel 


Brower of the Parsons Optical Laboratories 
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Discussion 


Rion: This new scintillation 
a valuable step forward in the 


However, a word 


De. Feepertck C 
counter is certainly 
diagnosis of intraocular tumors 
oft warning 


At the University of lowa we have used scintilla 


tion counters—not curved ones and not ones that 
could be introduced hehind the conjunctiva 
cases in wh h we could not an appre 
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difference in the uptake of radioactive phosphoru De J. W. Berrman (closing): [I want to 
in one eye or the other in a suspected intraocular emphasize once more, if | may, that the scintilla 
tumor tion counter is not superior to a Geiger tube tor 
I have in mind especially one case of a young the counting of beta rays. The superiority of the 
child who came to the clinic with a diagnosis of scintillation counter lies in the fact that it can be 
retinoblastoma. The uptake of radioactive phos curved and slipped behind the globe without loss ot 
phort ted with the Geiger counter was the much efficiency 
me in one eye i e other. When the child An instance in which a straight seimtillation 
was tested with the scintillation counter we found counter was used, would really have no bearing on 
an increase in the suspected eye, and we enucleated the particular type of lesion of which we are speak 
the eye. The hi resi was a retinal ce ing here 
tachment wit ut a tumo 


MECHANISM OF THE FALL IN INTRAOCULAR PRESSURE 
INDUCED BY THE CARBONIC ANHYDRASE 


INHIBITOR, DIAMOX* 


THE 


M.D 


vaint Lows, Missounrt 


BERNARD BECKER, 


The recent introduction of such potent 


carbonic anhydrase inhibitors as Acetazolea 
mide (Diamox )' has made possible the study 
of the 


soon became apparent that effective carbon 


effects of such inhibition in man. It 
anhydrase inhibition prevented renal tubular 
reabsorption of sodium, bicarbonate and po 
tassium, resulting in a marked diuresis, and 
inhibited secretion. 
Most 


point of view was the revet sible 


pancreatic and gastri 


important from the ophthalmology 
fall in intra 
ocular pressure induced by systemic carbon 


anhydrase inhibition.” 


Since this finding has led to a rather ex 
tensive clinical trial of Diamox in the treat 
ment of the glaucomas, it is of prime im 


portance to determine the rok of carbon 


anhydrase in the maintenance of intraocular 


pressure and the site and mod of action of 


its inhibition 


* From the Department of Ophthalmology, Wash 


ington University School of Medicine, and the 
Oscar Johnson Institute, Sau Louis, and the 
Wilmer Ophthalmological Institute of The Johns 
Hopkins Hospital, Baltimore. Supported in part 
by i grant to Washingtor University School ot 
Medicine from the Alfred P. Sloan Foundation, 
Inc., upon recommendation of the Council for Re 
search in Glaucoma ul llied Diseases. Neither 
the Foundation nor the Council] assumes any re 


tudy 


sponsibility for the published findings of this 


Does Diamox act directly on the eve or ts 
the induced lowering of intraocular pressure 


dependent upon the renal effect and its as 


sociated alterations in circulating electro 
lytes ¢ 
Does Diamox lower intraocular pressure 


by altering the cutflow mechanism or does it 
inhibit secretory activity of the ciliary body 
It is the purpose of this report to sum 
marize the results of recent clinical observa 
tions and animal experiments designed to 
answer these questions. Although definitive 
answers cannot be formulated yet, it would 
appear that Diamox lowers intraocular pres 
directly 


inhibiting the secretion of 


It is hoped that 


sure by 
aqueous by the ciliary body 
these tentative conclusions will lead to a more 
utilization of 


rational approach to the 


Diamox in the therapy of the glaucomas 


MetTHops 


Albino and pigmented rabbits (Haskins 
Rabbitry, St 
kg. and maintained on Purina rabbit pellets, 
these 


Louis), weighing two to three 


were used in experiments. Mongrel 


dogs weighing 6.0 to 11 kg. were kept on a 


diet of Purima dog chow and canned horse 


meat. 


All measurements of intraocular pressure 


were made with a Schi@tz to 


in annals 
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with 
No attempt was 


following local anesthesia 


tetracaine (0.5 percent) 


nometer 


made to convert scale readings to pressure in 
mm. of mercury in dog or rabbit experi 
ments. All animals were trained by repeated 
tonometry until repeated measurements could 
be duplicated to within one scale unit. A 
significant fall in intraocular pressure was 
arbitrarily set at three or more scale units. 
Most animals respond to Diamox with a 
change of four or five scale units, Animals 
which could not be successfully trained for 
tonometry or which did not give clear-cut 
significant responses to Diamox were dis 
carded. 

Intraocular pressure was measured in pa 
tients by Schigtz or electronic tonometers. 
All tonography was carried out with a 
Mueller electronic tonometer connected to a 
Leeds & Northrup or a Brown recorder. 

The sodium salt of Diamox* was used for 
all intravenous injections in concentration of 
33 mg./ce. 
orally in tablet form (50 and 250 mg. tab 


Diamox was administered 
lets). Ammonium chloride was given orally 
(500 mg. tablets) or subcutaneously (rab 


bits) in concentration of 7.5 mg./ce. 


A. Site oF 
1. Can the fall in intraocular pressure 
occur in the absence of a renal effect? 


ACTION OF DIAMOX 


It was soon apparent that the repeated 
oral administration of Diamox every four to 
six hours to patients resulted in a cessation 
of the diuretic effect after the first 24 to 36 
Under 


cant ocular hypotension persisted in spite 


hours. these circumstances signifi 


of the absence of diuresis, suggesting an 
effect of Diamox on the eye that is inde 
pendent of the renal action. 

Maren’ has demonstrated that preadminis 
tration of ammonium chloride to dogs pre 


vents the diuretic action of Diamox. At- 


*The Diamox used in these 
supplied through the courtesy of Dr 
PI 


Gallagher of the Lederle Laboratories 


experiments was 
James W 


Division, 


American Cyanamid Company, Pearl River, New 


York. 


tempts were, therefore, made to determine 
the effect of 
sure in 


Diamox on intraocular pres 


animals and patients where the 
diuretic effect had been blocked by pread 
ministration of ammonium chloride 


The 


chloride on nine occasions to seven dogs in 


administration of oral ammonium 
doses adequate to prevent diuresis (250 to 
1,000 mg./kg.) failed to prevent a full fall 
in intraocular pressure to a challenge of oral 
kg.) (table 1). Sim: 
(75 to 200 


into 13 


Diamox (25 to 50 mg 


larly, ammonium chloride 


my./kg injected subcutaneously 
rabbits failed to alter significantly their ocu 
lar response to Diamox administered intra 
venously (100 mg./kg.) (table 2). 

Eleven patients given 100 mg./kg./day of 
ammonium chloride by mouth demonstrated 
just as adequate a depression of intraocular 
pressure on chronic Diamox as they did be 
chloride administration 


tore ammonium 


Furthermore, by the preadministration to 


three patients of ammonium chloride for 
24 to 36 hours (2.0 gm. every four to six 
effects could be 


hours) the ocular obtained 


following Diamox administration without 


significant diuresis or rise in urinary pH. 
This provides additional evidence for the 
lack of dependence of the ocular effect on 
the diuresis. It should be noted that severe 
acidosis alone will lower intraocular pressure 
in patients (tables 1 and 2). 

Most convincing evidence that the ocular 
hypotension induced by Diamox can occur 
independently of the renal effect was ob 
tained by experiments on nephrectomized 
rabbits. Forty rabbits were nephrectomized 
18 to 24 hours before the administration of 
Diamox. In every instance intraocular pres 
sure fell following intravenous administra 


The fall 


nounced than before nephrectomy and could 


tion of Diamox was more pro- 
be obtained with doses of Diamox as small 
as 4.0 to 8.0 mg./kg. Ocular hypotony pet 
Thus, the 


ability of Diamox to lower intraocular pres 


sisted for the life of the animal 


sure in rabbits without diuresis appears es 
tablished. 
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rABLE 1 


Errect DIAMOX-AMMONIUM CHLORIDE ON INTRAOCULAR PRESSURE® IN DOGS 


4 Dog No Normal Diamoxt NH,Climg./Kg.)% NH,C1+ Diamox$ 
1 RE 5.0 90 5 5 (1000) 10.0 
LI 5.0 9.0 5.5 10.0 
RI 6.0 10.5 7.0(250 14.0 
Lt 6.0 10.5 7.0 4.0 
ki 7.5 11.0 & 0 (330) 11.0 
LI 7.5 11.0 8.0 11.0 
RI 9.0 (1000) 13.0 
LI 90 13.0 
5 RI 10.0 13.0 11.0 (250) 14.0 
LI 10.0 13.5 11.0 14.5 
Ri 7.0 10.0 6.5 (400 10.5 
LI 7.0 10.5 6.5 10.5 
9 RI 9 § 13.0 9.5 (250 12.5 
10.0 13.0 9 5 14.0 
9f RI 9.0 9.0 (650 12.5 
Lt 9 0 9 5 12.5 
10 RI 0 13 (250 13.0 
LI 8.0 13 13.0 


* All pressures are expressed as tonometer s ale readings (Schi¢tz 
+ Diamox given in oral dose of 25-50 mg./kg. two hours before pressure measurements recorded in this 


column 
t NH,C1 given orally in dose indicated 48 hours after preceding Diamox and after intraocular pressure 
returned to original values 
§ Oral Diamox (as in t) given one hour after oral NHYCI (of ¢ 
© Dog tested twice at different dose levels of NH,C1 


rABLE 2 


Errect DIAMOX-AMMONIUM CHLORIDE ON INTRAOCULAR PRESSURE® IN RABBITS 


Rabbit No. Normal Diamox ft NH,CI (mg./Kg.jt NH,C1+ Diamox§ 
4 RI 10 7.5 $.0(75 7.0 
LI 1.0 7.0 7.0 
3 RE 4.75 $.0(75) 6.25 
Lk +0 6.0 
5 RI 10 (75) 7.0 
3.5 7.5 
6 RI 7.0 +.§(75 7.0 
» 5 5.5 (75) 7.5 
+0 6.0 1.0 7.0 
»0 7.5 1.5(75 65 
LI 6.5 1.5 5.0 
sO ORE §.5 12.0 (75 12.0 
LI 5.0 12.0 12.5 
45 RI 6.0 11.0 7.0 (200 10.0 
Lt 6.0 11.5 7.6 10.0 
13 Rt 9.0 10.0 (200 15.0 
Lk 90 10.0 40.0 
1.5 7.5 6.00200 9.5 
LI 1.0 90 6.0 9 § 
106 6.5 (200 12.5 
LI 6.0 7.0 13.0 
205 RE 5.0 10.0 6.0 (200 11.5 
LF 50 10.0 6.5 10.0 
205 RI 5.0 9.0 6.5 (200) 10.0 
LE 5.0 8.5 6.0 11.0 


* All pressures are expre sed as tonometer scale readings (Schi¢tz 

+ Diamox given in intravenous dose of 100 mg./kg. (33 mg./cc.), 30 minutes before pressure measure 
ments recorded in this column 

t NHC! given subcutaneously (7.5 mg. /ce 24-48 hours after intraocular pressure had returned to 
normal 

§ Intravenous Diamox (as in t) given one hour after subcutaneous NH.CI (of 3 
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2. Does Diamox act directly on the ciliary B. MECHANISM OF ACTION OF DIAMOX 
hody? Not only is carbonic anhydrase present 1m 

Wistrand* has demonstrated that carbonic the ciliary body, but there ts also evidence 
anhydrase is present im the anterior uvea of that the enzyme plays a role in the secretion 
rabbits. Green and co-workers’ have re ported of the aqueous humor. Thus, Kinsey* found 
over 90-percent inhibition of this carbonic a 15-percent excess of bicarbonate in the 
anhydrase activity following intravenous anterior chamber as compared to the plasma 
Diamox. This suggests the ciliary body as a and even a much greater excess | $2 percent ) 
possible site for the action of carbonic an in posterior chamber fluids of the rabbit eye 
hydrase inhibitors. The rapidity of the fall He postulated that bicarbonate might play a 
in intraocular pressure (five to 10 min.) pilot role in the formation of the aqueous 
following imtravenous administration of humor Although the intimate role of cat 
Diamox to the rabbit or man also suggests a bonic anhydrase in this secretory process has 
direct effect on the eye Hlowever, attempts not yet been eluc idated, it 1s reasonable to as 
to lower intraocular pressure by the local or sume that the inhibition of this enzyme 
subconjunctival application to the eye of would interfere with the production or avail 
carbonic anhydrase inhibitors have met with ability of bicarbonate and thus inhibit the 
little success.” This may be a matter of lack formation of aqueous. This working hypoth 
of penetration of the inhibitor to the secre- esis finds confirmation from the manner 1m 
tory site which Diamox lowers intraocular pressure ™m 

It may be concluded, therefore, that the rabbits and patients 
fall in intraocular pressure induced by Dia In rabbit experiments, Linner and Fried 
mox is not dependent on renal action and enwald’ have noted that Diamox induces a 
that there is suggestive evidence that Diamox delay in the appearance time of intravenously 


acts directly on the « iliary body. injected fluorescein. Thus, these observers 
n- 
° A.C. PRimaty (Open ANGLED 


-1:30°" 


\ | 


Ac. 


Fig. 1 (Becker) Repeated tonograms before and after the oral administration of 500 mg 
Diamox to a patient with open angle glaucoma. 
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Law. nese (Be rote) 


LW Deamon 


Fig. 2 ( Becker). Tonogra before and after 500 mg. Diamox im a secondary glaucoma 


noted that the average fluoresce appearances Demorest and Becker® have contirmed this 
time for 10 large rabbits was 133 seconds. If — delay in fluorescein appearance time im rabbit 
care is taken to eliminate those rabbits in eyes induced by Diamox administration, In 
which marked changes in iris permeability — this latter series the average fluorescein ap 


are present, nephrectomy alone does not — pearance time for 17 intact pigmented, small 


affect fluorescein appearance time signifi (2.0 ke.) rabbits was 63 seconds, lighteen 

cantly. However, the administration of Dia hours after nine of these animals were ne 

mox to the same 10 animals following ne phrectomized, the average time of appearance 

phrectomy resulted in a prolongation of the — was 64 seconds. However, when the remaim 

fluorescein appearance time to an average of — ing eight rabbits were similarly nephrecto 

228 seconds mized and received 100 mg./kg. of Diamox 
PABLE 3 


EePECT OF ORAL ADMINISTRATION OF 5Q0 MG. DIAMOX ON INTRAOCULAR 
PRESSURE AND FACILITY OF OL TELOW 
(16 eyes of 10 patients 


Patient Diagnosis I’, I’ 
MLN Normal 15 11 0.234 
V.D Normal 17 12 0.22 0.25 
Normal 19 13 0.20 0.20 
B.B Normal 18 13 0. 0.4) 
Normal 18 14 0.28 0.28 
P.M Normal 17 14 0.26 0.26 
Normal 17 14 0.25 0.24 
MW Open angle glaucoma 55 5 0.07 0.05 
Open ingle glaucoma 51 Ss 0.07 O08 
Open ingle glaucoma 65 7 0.07 0.07 
Cu Open ingle glaucoma 35 5 OR 0.09 
IW Secondary glaucoma 76 4 0.09 0.09 
Secondary glaucoma 0.10 
Secondary glaucoma 44 0.07 0.06 
Normal 15 1? 0.14 0.16 
C4, Secondary glaucoma 55 »7 0 O08 0.10 


P, =Intraocular pressure before Diamox 
P, =Intraocular pressure after Diamox 
C, =Facility of outflow before Diamox 
C,=Facility of outflow after Diamox 


| 
C= 6.09 
ra 
Cs 0.09 
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intravenously, fluorescein was not visible in 
the anterior chamber until an average of 104 
seconds. 

Data have also been accumulated to demon 
strate that Diamox will produce a similar 
delay in fluorescein appearance time in nor 
mal and glaucomatous eyes of some patients.” 
These findings suggest that Diamox induces 
a decrease in the rate of inflow of aqueous 
humor. 

Clinical observations in patients reveal that 
Diamox administration is not accompanied 
by any change in pupillary siz furthermore, 
the fall in intraocular pressure induced by 
Diamox appears to be independent of, and in 
addition to, the pressure-lowering effects of 
miotics and filtering procedures 

Most convincing evidence to date on the 
mechanism of action of Diamox is obtained 
by repeated tonography following short-term 
As indicated m 


Diamox administration 
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Figures 1 and 2, Diamox reduced the intra- 
ocular pressure in eyes with primary and 
secondary glaucoma, but the tonographi 
tracings remained flat. Table 3 summarizes 
the effects of Diamox on intraocular pressure 
and facility of outflow in 16 eyes of 10 pa 
tients. It will be noted that Diamox lowered 
significant 


intraocular without 


change in facility of outflow. Such findings 


pressure 


are consistent with the hypothesis that Dia 
mox inhibits the inflow of aqueous into the 


eve, both normal and glaucomatous 


SuM MARY 


The experimental and clinical evidence 
suggest that the carbon anhvdrase inhibitor, 
Diamox, lowers intraocular pressure in man, 
the dog, and the rabbit by a direct effect on 
the eye, probably an inhibition of the forma 
tion of aqueous humor by the ciliary body. 

640 South Kingshighway (10) 
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Discussion 


De Hagey Green: Dr. Becker is to be com- 
for his continued interest in the experi- 
evaluation of the action of Diamox. It is 
McDonald has pointed out, that the 
tecker has presented 


mended 
mental 
true, as Dr 
experimental observations Dr 
make it difficult to disagree with the conclusions 
drawn therefrom 

However, at Wills Eye Hospital we have been 
conducting experimental tests with the use of 
Diamox on rabbits, and I would like to present 
some of our data which I believe lead to conclu- 
sions that suggest another possible explanation con- 
cerning the action of Diamox 


Our experimental observations were along two 
Diamox upon 
the carbon body 
and iris, and also the effect of Diamox on the bicar 


bonate levels of both the anterior aqueous humor 


essential lines, namely, the effect of 


anhydrase activity of the ciliary 


and the blood plasma 

Two routes of administration were one 
intravenous and the other subconjunctival The 
subconjunctival injection of 10 mg of Diamox led 
to a complete inhibition of the carbonic anhydrase 
of the ciliary body and iris within 15 minutes, 
lasting for at least 30 minutes 

Intravenous injection of about 30 mg. of Diamox 


used 


= 

— 
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per kg. of body weight of rabbit resulted in a 


time inhibition curve was roughly an inverted 
V, with the peak of inhibition reached at about 30 
minutes and representing 93-percent inhibition of 
the total carbonic anhydrase activity of the tissue 

In both cases we did not observe a fall in 
intraocular pressure. However, we were able to 
detect the presence of Diamox in the fluid of the 
anterior chamber 

After subconjunctival injection of 10 mg. of 
drop in the bicarbonate level occurred 
wv or the blood 


Diamox, no 


in either the anterior aqueous hun 


plasma for approximately 60 minutes. With larger 
doses, however, and perhaps over a longer period 
of time, there was a fall in the bicarbonate level 
of the anterior aqueous, but there was a corre 

irbonate level of the blood 


sponding fall in the 
plasma, at the same time 

The results with the intravenous administration 
of Diamox and its effect on the bicarbonate level 
n both tissue fluids is own on the slide 

(Slide) The upper curve is the bicarbonate level 
of the aqueous humor in the anterior chamber, and 
the lower curve is the bicarbonate level in the blood 
obtained from the same rabbit practically simul 
taneously with the tap of the anterior chamber 
Time periods are as indicate 

We believe it is very significant that the two 
curves are practically parallel, that is, the fall 
and the rise in the bicarbonate level are practically 
the same for both fluids 

These results would tend to suggest that the 
bicarbonate level in the anterior aqueous is largely 
determined by the bicarbonate level fluctuations in 
tend to indicate that 


the blood plasma, and it wot 
the mechanism for the maintenance of the differ 
ence between the bicarbonate levels in the two 
fluids is independent of the action of Diamox and 
is not determined by the « irbon anhydrase activity 
of the ciliary body and iris 

In conclusion, I would like to add that our obser 
vations are difficult to reconcile with the presently 
accepted view that the bi arbonate level in the pos 
terior chamber is elaborated by an active transtet 
mechanism, presumably by the ciliary body 

De. P. Ross McDonatp: | am sure that most 
ot you are aware ol the everal clinical conditions 
for which Diamox may be used. Probably you do 
not have the complication of a shallow anterior 


chamber following cataract surgery! This is not 
an original observation of mine, but Diamox will 
frequently relieve this condition, especially those 
cases in which the chamber becomes shallow on the 
second or third day. These are usually associated 
with a choroidal detachment 

De. Frepextck C. Biopr: I would like to elabo 
rate on some ol the taternents about the local use 
of Diamox as presented by Dr. Becker and Dr 
(,reen 

In lowa City we were rather intrigued by these 


and we have the per 


possibilities for some ti 
mussion otf Dr. Foss to report on his experiments 
We tried to use Diamox cally by topical ad 


ministration in various concentrations and also 
by subconjunctival injection in various concentra 
tions and frequencies, in a way similar t that men 
tioned by Dr. Becker and Dr. Green, without see 
ing any effect on the intraocular pressure. We then 
tried to inject Diamox intracamerally im various 
concentrations and with various frequencies. Again 
the result was absolutely negative as tar as imtra- 
ocular pressure was concerned 

However, it was interesting to see that if the 
concentration ot l) mox Was increased there was 
quite a damaging effect to the cornea, The cornea 
becomes edematous, not unlike the picture we saw 
the other day after the injection of streptokinase 
The effect on the cormmea 8 temporary, and it 
depends very much on the concentration of the 
drugs used 

De. Joun Harris: To the long list of failures 
of local use, 1 could also add the administration by 
in animals I have hes 


iontophoresis, at leas 
tated to use such a route in patients because one 
might accidentally induce a high local accumula 
tion. So far, we have been unable to work out a 
satisfactory method for its chemical determination 
We have been concerned about the possibility ot 
1 high accumulation of Diamox within the eye be 
wse of some observations we have also made on 
the effect of the carbonic anhydrase inhibitors on 
the cation transport ol the len They seem to m 
hibit cation transport quite effectively. Our experi 
ence has indicated that the ability to inhibit cation 
transport provides a rapid and reasonably accurate 
measure of the cataractogenic potential of an agent 
We also have done experiments very similar to 
those Dr. Green mentioned, and have observed a 
marked drop in the bicarbonate level of the arterial 
plasma and a concomitant drop in the bicarbonate 
content of the aqueous. In each instance, however, 
the decrease in aqueous concentration paralleled 
and seemed dependent on the plasma concentration 
as Dr. Green described 
We were unable to demonstrate any preferential 
drop in the bicarbonate concentration of the aqueous 
humor. By various local routes—by iontophoresis, 
subconjunctival injections, and so on-——-no change im 
the bicarbonate concentration was observed 
However, | do not feel that this mitigates agamst 
the conclusion that Dr. Becker has enunciated here 


In mat situations, both clinical and in the experi 
mental animal, the drug 1 similar to Dibena 
mine. At times Dibenamine may cause a drop u 
the bicarbonate concentration of the aqueous humor 
but alwa we have found a similar and parallel 
drop in the bicarbonate concentration of the plasma 
Hlowever, if one measure the turnover ol 
queous, particularly using glucose as the measuring 
tool, Dibenamine appears to reduce aqueous forma 
tion. Thus, the aqueous-forming mechanism at 
tempts to maintain a relatively constant chemical 
composition with respect to plasma und the wu 
duced pre ire drop which Dr. Becker has ind 
ated is not so much due to a change im composition 


in total elaborated volume of an 


aqueous of relatively constant composition with re 


spect to plasma. This concept fits our data with 
Dibenamine and our data with Diamox 
De. Henney F. Atcen: We believe that primary 


an obstruction to outflow while 
lieve that Diamox, 


the inflow of 


glaucoma is due to 
the input remains constant We be 
without affecting the outflow, reduces 
aqueous, | would like to ask if there ts 
difference in the response to Diamox of normal 
with normal tension—and eyes with high 
there is a quantitative difference, 


a quantita 


tive 
eyes eyes 
tension, and, if 
whether it can be reconciled with those 

De. Harey Geeen: | would like to make just 
one observation relative to the observation of Dr 
Blodi that the injection of 
Diamox in high concentrations local 
edema of the 

1 wonder if that may be due to the relatively high 
alkaline pH of a water solution of sodium Diamox 
In our experiments we 


two theories 


mirac ameral 


leads 


namely, 
to a 


coTnea 


which exceeds that ot 90 
have neutralized the sodium Diamox to a pH of 
88 to 9.0, and have not noticed any local inflamma 
tory etiects m the eve 


De Beenarn Becker (closing): First, let me 
thank Dr. Green, Dr. Blodi, Dr Harris, and Dr 
Allen for their interesting discussions That was 


one of the purposes of presenting this material 
to elicit such discussion 

In answer to Dr, Green, I am very glad to hear 
that he has confirmed many of our findings. The 
Diamox admin 
the 


evidence he presents that system 
istration does inhibit the carbonic anhydrase of 
another postulated link m 
mechanism 


ciliary body provides 
the chain of arguments used as to the 
of action of Diamox 

Dr. Harris asked about a method for Diamox 
I would suggest that he speak to Dr. Green who 
informed me that he is about to publish a method 
for determining Diamox 

The failure to find a fall in intraocular pressure 
after local administration of Diamox corresponds 
to the lack of fall of bicarbonate ton in the anterior 
chamber under circumstances. This remaims 
one of the difficulties that we cannot explain I 
would still like to look at this in terms of a failure 
of Diamox to penetrate to the secretory site As 
Dr. Friedenwald pointed out at the Wilmer meet 
the ciliary 


these 


ing, Diamox may act on the stroma of 
body, and it would be difficult to know whether it 
that In fact, why or 
to the stroma of the ciliary 


actually site 


how drugs penetrate 
body is poorly understood 
There is one that is 
because it has led to a lot ot 
all for naught. There are rabbits responsive 
rabbits unresponsive to Diamox This 
like a minor point, but actually it turns out to be 
very important. Dr. Kinsey has spent a great deal 
of time and effort on the problem of unresponsive 
rabbits. Ballintine in Cleveland has also encountered 


penetrates to 


well worth making 
work that has been 
and 
sound 


pom#t 


may 
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unresponsive rabbits. For some reason that has not 
yet been « xplained, although all dogs respond and al 


most all people respond, there are certain groups oF 


rabbits which, either because of their age, thei chet, 


their heredity, or some other con lition, do not re 
spond with a fall im intraocular pressure to Diamox 
I think it is rather unfortunate that Dr. Green 1 


working with a group ot rabbits that do not respond 


to Diamox with a fall in intraocular pressure. It 
may account for his failure to alter aqueous bicar 
bonate levels more dramat ally We have beet 
more fortunate both in Baltimore and in St. Louts 
in having responsive animals 

The point has been made by Dr. Green and by 
Dr. Harris that the fall in plasma bicarbonate and 
the fall in anterior chamber bi urbonate alwa 
parallel one another We are dealing with a multi 
plicity of effects m system administration ot 
Diamox. It alters the amount ot arbon dioxide 
blown off in the lung. There is a large effect on 
the kidney tubule, increasing the amount of bicar 


The renal effect can be eliminated 
In such nephrectomized responsive 


bonate excreted 
by nephrectomy 
rabbits, Diamox induces bicarbon 
ate with little change in plasma bicarbonate. Thi 
Diamox alters the pro 


a fall in aqueous 


is suggestive evidence that 


bicarbonate imto the eve 


duction or entrance ot 
We also have noted corneal damage upon inject 
ing Diamox into rabbit eyes, but only if alkaline 
solutions are used 
{ think it is Dr. Harris has 


indicated, for more work to he done on the effects 


very important, 4s 


of Diamox on the lens There 1s an enormous con 
centration of carbonic anhydrase in the lens, and, 
as far as | am aware, no one has established the 


lens 
make is m 


functional role of the enzyme in the 
The other 
answer to Dr. Allen's question 
the effects of the 
ings. As you know, tonography can be used as a 
the rate oft flow oft 
Althoug! 


the method 


only want to 
One can quantitate 


Diamox from tonograpl trac 


method for determining 
aqueous, as Grant has pointed out 


error mberent 


there 


are many sources of 
when it is used repeatedly on the same 


and 


eye, many 


of the errors cancel out one can determin 


how much one has inhibited flow 
Diamox 


of aqueous by the 


administration of 


When one does so in the series of patients sur h 
as was presented here, one finds that tl is essen 
tially the same amount of inlubition ot flow in 


normal eyes as there is essentially the same amount 


of inhibition of flow in normal eyes as there is m 
eves with glaucoma. The amount ot inhibition ot 
flow that is induced by the admimstration ot S00 
me. of Diamex varies from approximately 50 to 


However, 50 percent inhibition ot flow 
the ssure from 1% 
percent 


70 percent 


in a normal eye may lower pre 
to 14 mm. He, whereas, 
flow in a glaucomatous eye may lower the pressure 


from 60 to 35 mm. Hg 


inhibition of 
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STUDY OF PATENCY OF OPENINGS IN CORNEAS ANTERIOR TO 
INTERLAMELLAR PLASTIC ARTIFICIAL DISCS* 
WittiAM Stone, Ik., M.D 
(With the technical assistance of Cecelia Hogan, Raymond Jahrling, 
Leonard Reynolds, and Eleanor McCall) 
Boston, Massachusetts 
This paper presents a continuation of VARIATION OF SIZE OF TREPHINE HOLL 
work reported in 1952.’ At that time it was 


shown that plastic dises of various diameters 
could be maintained in rabbit corneas in 1n 
terlamellar fashion for indefinite periods. It 
was also shown that an opening in the corneal 
layer anterior to the plastic dise remained 
until the 


patent in one animal for one year 
natural death of the animal. Since then, 
plastic discs have been maintained in some 


Until recently, however, it has been impos 


rabbit corneas indefinitely (table 1) (fig 


sible to maintain an opening in the anterior 


layer of a cornea for more than a short 
period. This report concerns the experiments 
conducted in an attempt to maintain patency 


of these openings 


BASIS FOR EXPERIMENTAL METHOD 


As reported in 1952,' the anterior corneal 
opening which remained patent for one year 
had It 
thought then that the could be 
repeated easily by means of trephining the 
it 


been formed inadvertently was 


experiment 
corneal layer, and that would be 
find the 
hole and the optimal time of placement 
Nonethel 


to center the experimental design 


anterior 
size 


This 


WAS decided to 


necessary merely to optimal 


not so if 


Wats 


continue 


around variation of operative procedure 
rather than to introduce other factors, such 
as growth inhibiting substances, for it had 
been without the agency of other factors 


that the first experiment had proved success 


ful 

* Fror the Ma isett Kye and kar Infir 
mat This work wa ipported in part by the Oftice 
of Naval Research (Contr Nonr 1173-01), the 
United States Air Force (¢ niract AF 128-600-614). 
the National Society for the Prevention of Blind 
me und the Roston Host Lie ( lul 


lrephine holes of varying diameters were 
in the anterior corneal layers after the 
ap 
proximately six to 27 days after the hole was 
slightly 


mace 


placement of the discs. In each case, in 


trephined, a salmon-colored raised 


ring about two mm. in width would appear 


at the edge of the hole (fig. 20). This ring 
would gradually advance toward the center 
of the hole (figs. 2A to F, inclusive) until 


after approximately 37 days the entire open 
ing would be closed by newly formed tissue 


Grossly this tissue showed translucent and 


opaque areas, suggesting possibly a mor 
symmetrical arrangement of new fibers in 
the translucent areas. It is seen in Table 2 


that the 
time of closure very little 
hole, large, 


main patent beyond 52 days (table 3 


size of the opening influences the 
- and in no case did 


a trephine no matter how re 


TIME INTERVAL BETWEEN PLACING IMPLANT 


AND TREPHINING HOLI 


It had been thought that the time interval 
between the placing of the plastic dise and 
the trephining of the hole might be a factor 


in maintaining patency. Approximately 


to 26 days after the placement of the dis 


1 
KABBITS MAINTAINING INTERLAMELLAR PLASTIC 
DISCS WITHOUT EXTRUSION FOR LONG 
EST TIME INTERVALS, AS OF 
Ne 16, 1954 
Operative Date ol lime in 
Rabbit ' 
Date Death lace 
7 1/31/52 11/20/5381 ye, 
15 2/13/52 4 mo 
5/25/50 9/ 9/534 $m 
244 10/29/52 1 yr., 74 mo 
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TABLE 2 


RELATION BETWEEN s1z5 OF TREPHINE HOLE IN 
CORNEAL LAYER ANTERIOR TO PLASTIC DISC AND TIME 
OF CLOSURE IN RABBIT 


Time of 
Rabbit Experi ( 
ment rephine {ter 
Number (mm.) Operation 
(Days) 
15 6 
25 4 
w 2 4 30 
1 4 38 
15 5 5 40 
42 l 5 35 
225 2 5 20 
234 1 5 40 
244 5 5 40" 
2M 6 5 0 
49 ! 5 33 
51 3 5 27 
51 4 5 41 Fig. 1 (Stone). Photograph shows an interlamel 
55 ! 5 20 lar plastic disc which has been in place two years, 
61 ! . = four months as of June 16, 1954. Rabbit 15 Opera 
tive date, February 12, 1952. Photographed June 8, 
1954 
77 1 5 $5 
77 2 5 43 
~ : ot As can be seen in Table 4, this hypothesis 
84 1 5 §2 was not substantiated. The holes closed over 
+. a in approximately the same period, 20 to 52 
» 2 6 0 days, irrespective of the time they were made 
2 after the discs were inserted (table 5). 
0 1 6 35 It was learned, nevertheless, that when 
225 1 6 25 ~phining the «; 
225 3 6 40 trephining was done at the same time as, or 
227 1 6 41 within one week after the placement of the 
5 37 
5! r 6 discs, they were more likely to extrude. This 
51 6 6 29 - pare. 
52 1 6 45 could be caused by three factors: (1) The 
2 ( 9 4 
stroma had not as yet invaded the peripheral 
74 2 6 50* holes; (2) barriers to infection had not as 
. 3 : ~- yet been erected (table 4, Rabbits 20, 46, 47, 
25 2 7 42 
25 ; 7 40 TABLE 3 
= : : TIME OF CLOSURE IN RELATION TO SIZE OF 
44 ; 7 TREPHINE HOLE IN RABBIT CORNEAS 
*A imated Closure Time After 
ee Number Size of Original Operation 
of Trephine 
large sheaths of vessels grow into the cornea Rabbits (mm.) Maxi Mini Aver 
from the limbus and are finally supplanted by — ae - 
several fine trunks. It was reasoned that by (days) (days) (days 
4 4 50 10 
making the trephine hole before this in 19 § 5) 0 38 
growth, the nutrition of the cells at the 14 6 50 29 38 
: 6 7 50 35 43 
trephine edge might be impaired and thus I g 7 7 7 
inhibit or redirect their growth backward to 
Over-all average 37 


the stroma and the peripheral holes. 
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Fig. 2 (Stone). Photographs show closing of trephine hole in anterior corneal layer in 
front of plastic disc. Rabbit 21, Experiment 2 

(A) Two days postoperative, slight engorgement of vessels. (8) Eight days postoperative, distinct 

salmon-col red ng can he cen at of hole Thirteen days postoperative alt n-colored edye 

ias increased in thickne ind width. (D) Twenty-one days postoperative, salmon-colored edge has nearl 


obliterated hole. (E) Twenty-three days postoperative. (F) Twenty-nine days postoperative, completely 


closed 


4. 
= 


14s WILLIAM STONE, JR 
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TABLE 4 
RELATION OF TIME INTERVAL BETWEEN PLACING OF TREPHINE Hot E AFTER INSERTION ; 


OF PLASTIC DISC AND CLOSURE OF HOLE IN RABBIT CORNEAS 


rime of Time of 
Closure Extrusion 
Rabbit Experiment lime after Original Operation after after | 
Number Number lrephine Placed lrephine Trephine 
Placed Placed 
(days) (days) 
45 ! lrephined during placement of dise 0 
6 I lrephined during placement of ise 20 
47 1 frephined during placement of 21 
4% lrephined during placement of dis« 
49 lrephined during placement of 33 
50 lrephined during placement of dis« 84 
51 lrephined during placement of 45 
§2 lrephined during placement of 45 
§2 2 lrephined during placement of dis« 
53 lrephined during placement of 32 
lrephined during placement of dis« 6 
58 1 Trephined during placement of disc 130 
6l lrephined during placement of 48 
1 lrephined during placement of dis« $8 
65 1 lrephined during placement of dis« 50 i" 
66 1 lrephined during placement of disc 51 
O8 1 lrephined during placement of dis 25 
69 lrephined during placement of dis 
74 lrephined during placement of dis 50 
75 lrephined during placement of $8 
77 lrephined during placement of $5 
78 1 lrephined during placement of dis 50 
79 lrephined during placement ot dis 
8018 ! lrephined during placement of dise 14 
M4 lrephined during placement of dise §2 
85 lrephined during placement of 52 
10 1 lrephined during placement ot cise 23 
11 lrephined during placement of lise il 
227 lrephined during placement of disc 41 
7 1 7 days 73 
225 1 22 days 25 
25 1 25 days 50 
234 1 27 days 40 
55 2 1 mo., 7 days 20 
42 1 1 mo., 11 days 35 : 
ol 2 1 mo., 29 days 51 r 
77 2 2mo., 3 days 43 
55 3 2mo., 4 days 7 
74 2 2 mo., 20 days 42 
20 2 mo., 11 days w 109 
0 1 4 mo., 19 days 35 
225 2 3 mo., 22 days 20 ~ 
51 2 + mo., 25 days 47 es 
2M 4mo., 5 days 27 
0 2 4 mo., 25 days x0 
51 5 mo., 2 days 27 
51 4 6mo., 5 days 41 
2 6 mo., 12 days 
21 2 7 mo 28 . 
25 2 7 mo., 17 days 42 
5! 5 7 mo., 29 days 26 , 
15 ! & mo., 11 days 41 
2” mo 12 days 35 
51 6 mo., 25 days 29 
15 2 9 mo., 23 days 48 
225 9 mo., 28 days 
25 10 mo., 19 days 0 
244 5 11 mo., 23 days 40 
15 ; 12 mo., 27 days 50 : 
244 6 14 mo., 26 days 0 
15 5 19 mo., 12 days 40 
15 6 22 mo., 21 days 40 je 
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TABLE § 


RELATION OF TIME INTERVAL 


DISC AND CLOSURE OF 


Number of 
Rabbits 


lime after Original Operation 


Ire phine Placed 


BETWEEN PLACING 
HOLT 


OF TREPHINE HOLE APTER INSERTION OF PLASTIC 


IN RABHIT CORNEAS 


lime of Closure after Trephine Placed 


days 


Maximum Minimum \verage 


lrephined during placement of implant 51 ; 43 


7 to 30 days 
I mo. to 
6 mo. tol yr 
l yr. to 2 ve 


oO mo 


52, 58): (3) the stability of the implant had 
not been established and consequently there 


disk 


was slippage of the 


VARIATION IN OPERATIVE TECH NIQUI 


The results of various operative techniques 
employed in producing the trephine hole are 
lable 6. The 
the edge of the hole was made pe rpendiculat 
to the the 
table 


shown in technique in which 


corneal surface is not listed im 
used im the 
lables 


tor 


mayor 
2 and 4 


short 


Chis procedure was 
ity of experiments shown in 


he hole 


riods 


remained open only 


The possibility that epithelial cells might 


grow around the edge of the underlying 


stroma and back to the region of the periph 
eral holes, if assistance, was explored 
In Table 


was such that 


given 


items 2, 3, and +. the technique 


the edge of the opening was 


ingled with its posterior part directed periph 


incision. In 


are listed the 


ota cissorl 
lable 6 


the 


cans 


and 


erally by n 


items, 5, 6, 7, 
experiments in) which epithelium was 
undermined back to the area of the first row 
of holes by means of incising immediately 
beneath the epithelium, lifting the epithelial 
at the de 
knife 


The procedure in items 9 through 


layer, and cutting the stroma sired 


peripheral distance with an angk 
1s, 
lable 6, was to trephine an opening wide: 
than the first row of peripheral holes. It was 
thought that the advancing epithelial cells 
might grow to the stroma tissue, invading the 


peripheral holes, and produce a seal. In an 
attempt to augment this and possibly permit 


the ingrowth of epithelial cells before the 


44 
$7 


hole by Was 
evacuated from the first row of peripheral 
22). In all 


invasion of stroma, the tissue 
holes (table 6, items 19 through 


of the foregoing experiments there was 
significant influence on the time of closure of 
the anterior corneal opening 

cruciate 


lable 
made the 
Ihe flap 


posteriorly 


In items 23 through 26 


incisions were center ofl 


anterior corneal layer so formed 


were drawn and) peripherally, 


folce d 


catgut in the revion ot the periph ral holes 


upon themselves, and secured with 


his was an attempt to bring the epithelial 


the the inte 
the 
in time of closure 


the sc 


cells at edge of trephine hole 
hole 


to 


closer contact with peripheral 


There was an increase 


two out of four of experiments 


nearly the upper limit of the previously es 


tablished closure times, that is, 52 days. This 


was not thought to be significant 


In the next four experiments (items 27 


through 30, Table 6), in placing the implant, 
the 


ficial throughout in an attempt to include only 


incision into the cornea was very super 


the epithelial cells and their basement mem 


branes. This might allow the epithelial cells 


to grow backward before the advancement of 


stromal tissue There was a significant in 


in the time of closure of the holes in 


cTeAast 


this experiment in two of the four 


While the holes 


this experiment, it was 


proce 


dures were still patent im 
found that in the ex 
periments listed in items 28 and 30, Table 6, 
the through 


di ‘ 


periphery of the dise eroded 


sure necrosis between the and 


from pre 
the overlying lid 
the 


nitiated procedure 


31 


This observation 


followed in experiments shown im item 


29 
12 14 
13 is 
sO 
— = 
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IABLE 6 


DIAGRAM OF VARIOUS OPERATIVE PROCEDURES USED IN CUTTING A HOLE IN 
CORNEAL LAVER ANTERIOR TO PLASTIC DISC AND RESULTS 


Time of [Extrusion after 
Item Rabbit | Exp. | Closure |Placement of 
Number Operative Procedure Number |Number] after op [implant 
Stroight Cut Experiments with this operative proced- 
ure not included. Majority of experi — 
I. YL ments in Charts land 2 employed this 
method and are noted there 
DAYS DAYS POST-OP 
2 | 28 — 
3 > 2512 | 42 — 
A 
4|- 30] 1 ! 35 — 
° Undermined with Angle Knife 29 40 
a 29 2 40 
30 | 2 | 30 
8 42 | 35 
9 15 2 48 — e 
10 227] 1 | 41 
Trephined post first g 
i row of holes 45 | 38 130 g 
12 46/1 | — 20 
3 48 {1 | — 30 ; 
4 
14 49 | 33 om 3 
15 50 | — 90 
16 | 45 
17 52 | 45 114 Fi 
is 54a} 1 | 36 
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DISCS 


mifinued ) 


evacuation — first row holes 


19 
20 


2! 
22 


Time of ; Extrusion ofter 
Item Rabpit Exp. |Closure| Placement of 
r Operative Procedure Number | Number | oftero implant 
Trephined past and with DAYS |DAYSPOST-OP 


30 
40 


20 
22 


20 
25 
225 
234 


Ww 


Cruciate incision with 
flops sutured under 


23 
24 


40 


26 
5 | 


15 
5 | 
6! 
66 


5 | 


Very Superficial incision 


Thin- thick incision 


47 


OPEN 
6 MONPO 


through 33, Table 6. The center of the an 
terior corneal layer was dissected very super 
ficially for two to three mm. from the edge 
of the trephine hole after it was cut. A deep 
corneal dissection was made from the pe 
riphery inward. The two planes were joined. 
The overlying tissue was then thick periph 


erally and thin centrally. The disc was 
slipped under these layers. The trephine hole 
was made at the time of the original 


operation. 
In one of these latter experiments, item 32, 


lable 6, Rabbit 62 (fig. 3), the trephine hole 
was still patent as of June 16, 1954 (submis 


sion date of this paper), eight months after 
the original operation and trephining. One 
additional change was made in the procedure 
in this experiment, that is, the plastic implant 
itself was increased in central thickness 


HICKNESS OF PLASTIC IMPLAN1 


Prior to the experiment performed in Rab 
bit 62, the shape of the plastic implant had 
been altered continuously, but the thickness 


|_| 
SHE 
25 (3) 
27 234 
28 58 130 
29 eR 8 OB 14 
. 30 50 90 
31 
32 on om 
33 72 
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rABLE 7 


RABBIT CORNEAS FITTED WITH 1.5S-MM. THICK IMPLANTS IN INTERLAMELI AR FASHION. TREPHINE HOLES 
. (4.0 um. TO 5.0 MM, IN DIAMETER) Pt ACED IN CORNEAL LAYER ANTERIOR 
PLASTIC DISC AT TIME OF INSERTION OF 


Operative Extrusions and Reasons 


Rabbit Date Result (days postoperative 
Oo 9/24/53 40 eve infec ted 
62 10/14/53 Open as of 6/16/54, 8 mo 
65 10/19 53 SO) erosion 
06 10/26/53 51--erosion 
73 2/ 8/54 Open as of 6 16/54, 4 mo., 8 days 
a1 3/ 2/54 Open as of 6/16/54, 3 mo., 14 days 
82 4/ 4/54 Closed, 2 mo., 23 days 
a4 3/ 4/54 Open as of 6 16/54, 3 mo., 12 days 
87 4/15/54 Open as of 6 16/54, 3 mo., | day 
bata! 4/17/54 9 eye infected 


had remained relatively constant, that is, 0.25 the anterior cornea of Rabbit 73 (fig. 4) has 
mm. The thickness of the disc in Rabbit 62 remained patent four months, eight days, as 
was increased to 1.5 mm. in the center and of June 16, 1954, the opening in the anterior 
the dise was reshaped layer of the cornea of Rabbit 81 (fig. 5) has 

When it was found that the anterior remained patent three months, 14 days as of 
trephine hole in Rabbit 62 was destined to the same date: in Rabbit &3 (fig. 6) the 
remain patent for longer than the usual opening has remained patent three months, 
period, rabbits noted in Table 7 were fitted 12 days as of June 16, 1954: and in Rabbit 
with 1.5-mm. dises. The operative proc edure 8&7 (fig. 7) the opening has remained patent 
in these entailed placing of the dise at mod three months, one day as of June 16, 1954 ; 
erate depth in the stroma and, at the same With the same technique, extrusion occurred 
time, making a trephine hole in the center of as a result of infection or erosion in Rabbits 
the anterior layer OO, 65, 06, and 88 (table 7). Rabbit 82 is of 


As can be seen in Table 7, the opening in interest for, with presumably the same plastic 


Fig. 4 (Stone). Rabbit 73 Trephine hole in 

Fig. 3 (Stone) Rabbit 62. Trephine hole in corneal layer anterior to plastic disc has remained 
corneal layer anterior to plastic dise has remained patent tour months, eight days, as of Tune 16, 
patent eight months as of June 16, 1954 Operative 1954. Operative date, February 8, 1954. Photo 
date, October 14, 1953. Photographed June 8, 1954 graphed June 8, 1954. Dise of 1.5-mm. thickness at 
Dise of 1.5-mm. thickness at center. center 
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disc and the same technique, the anterior hole 
closed in two months, 23 days (fig. 8, A, B, 
and 

lo evaluate the effect of reshaping the 
implant, discs with approximately the same 
shape as those placed in the experiments im 
Table 7 but with a thickness of 0.25 mm 
throughout were placed in Rabbits 64, 89, 
and 90. Thus far in Rabbit 64 (fig. 9) the 


hole has grown over in 38 days. This has not 


occurred m the other rabbits but it 1s too 
early to draw any conclusions about the ulti 
mate outcome 
PREPARATION AND HANDLING 
OF PLASTIC DISCS 
Minute care and close supervision are nec 
essary in the preparation of these discs 


Small details in their handling often mitigate 


agaimst the eventual result. Such insignificant 


factors as incomplete filtering of wash watet 


may precipitate microscopic rust spec ks on 


the disc and produce foreign-body reactions 
Minute oil films may come from inadequately 
filtered compressed air lines. Lack of rigid 


control of sterilizing temperatures permits 


slight variations in the shape of the implants 


Fig (Stone) Rabbit 
layer anterior 
patent three months, 


hole im 


to plastic disc has remained 
14 days, as of lune 16, 1954 
Operative date, March 2, 1954. Photographed June 
8, 1954. Dise of 1.5-mm. thickness at 


corneal 


center 


ARTIFICIAI 


corneal layer 


DIsScs 1903 


Fig. 6 (Stone). Rabbit 8&3. Trephine hole in 
corneal layer anterior to plastic dise has remained 
patent three mont! 12 days. Operative date, March 
4, 1954. Photographed lune &, 1954. Dise of 1.5-mm 
thickne at center 


sufhcient to produce pressure necrosis in 


Polishing materials and proce 


the 


the cornea 


dures are not utilized because of pos 


sibility of imbedding microscopic foreign 
bodies in the plastic 

the stock the 
manufacturer must be supervised with care 
(ast, extruded, myection, and compression 
molded stock all different 


properties. 


Differences in raw from 


have working 


With the advent of experiments involving 


Fig / Rabbit &7 Trephine hole m 


(Stone) } 


anterior to plastic dise has remained 


patent three mont one day, a f June 16, 1954 
(Jperative date March l 1954 Photog: iphed 


lune ® 1954 Di c of 1 mr t} kness at 


center 


| 
= 
Ad 
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Fig. 8 (Stone). Rabbit &2. Trephine hole in 
corneal layer anterior to plastic disc shown closing 
Dise of 1.5-mm. thickness at center. (A) Two 
months, three days postoperative. Half-moon-shaped, 
salmon-colored tissue encroaching on hole from 


Two months, 21 day 
Three tour 
postoperative ; opening has closed completely 


smaller, 


one side $ postoperative ; 


opening is months, days 


thickness of the 


porosity properties of varying batches of 


plastic, absorption and 


plastic may have to be tested. To evaluate the 
role which the shape of the dise plays in rela 
tion to thickness, it will be necessary to con 
trol molding procedures rigidly. It seems 


possible that small changes in the shape of 
the anterior central area of the disc may be 
of importance 

molded in the 


periphery to different rabbit eyes, for the 


Discs must be individually 


weight of the rabbit and the breed produce 


yreat variation in the size and convexity of 


the cornea 


Because of these and other variables, it 


has been found that the preparation and 


handling of the plastic discs is of equal, if 


not greater importance, in this work than the 


animal operative procedures 


DISCUSSION AND CONCLUSIONS 


Openings have been maintained in_ the 


anterior corneal layer in apposition to inter 


lamellar plastic di In Se veral rabbit eyes 


for considerably longer than the pre 


viously 


Fig. 9 (Stone Rabbit 64. Trephine hole 
corneal layer nierior to pla th cis closed over 
in 38 days. Plastic disc, 0.25-mm. thickne throug! 

, 


out, same shape 


— >< 
at 
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underway in this laboratory to determine 


which one of the two factors may be the 


more important 
Lhe related problem of why a specif 


tbrication of these discs inhibits corneal 


wn 


rrowth is also being investigated. The rela 


~ 


porosity and ab orption properties of 


— tron of 


he plastic to nutritional or other factors 


3 


from the anterior chamber 1s bemg con 


sidered, We hope we may utilize this proce 


NUMBER OF RABBITS 


dure of plastic dise implantation as a method 


to study general factors influencing tissue 


growth 


Many problems remain to be solved before 
DAYS 20-27 28-35 36-43 44-52 human experimentation should be attempted 


Graph 1 (Stone). Time of closure of trephine Premature efforts in this direction might well 


oles in corne terior to | t a witl work to the detriment of the procedure and 
to the individual volunteer 


establish ; wll , tin raph 1). Thi It must be empha ized that the fabrication 

stablished maxinit me (gr: 

Is W th the one excep nm ot the rabbit re ol the mS ements hould remain in the hos 

ported in the previous paper’ in 1952. At that _ Pital laboratory so that their production may 
Lee ‘ ou papel 

time there was 1 ndication to why the be critically supervi ed and so that the pos 

t} last atio ‘ 

opening remaimed patent \t present if seems lity of overenthusiasty exploitatie 


that either the shape or the thickness of the 


plasty lise is the contro ny’ tactor Study 1s harles Street (14) 


be minimized 


REFERENCH 


1. Stone. W Ir ! Herbert, | Experimental study of tic material replacement for the cornea, 


Le. Warren S. Ret think ir. Stone to wish Dt Stone would iniy a little more hi 
be congratulated or pioneered ich now thinking on the shape i the dise and its relation to 
tr ibyjyect orneal imy nt extrusion 

Several « ’ the Vi lye Hospital have De. Witttam Srone, Ie, (closing): I should like 
partly duplicated these experiment nd we pre to thank Dr. Reese and Dr. Johnson for their re 
] ‘ A these it ir} 
plant e ret ed f{ one year. We I think that possibly I did not make a point suf 

e not ceded nt hcient clear, tor we ive definite] intained a 

tre ed 1 | beleve thi number of nt in rabbit cornea which have 
col ‘ wit Dy tore experience een trephined The longest one with a trephine ha 

1 would like 1 h ) tone whether he has remained in place, as of the present, a period of 
| ee ‘ eated ! hie cst rite man 
eve I spect t the te if Iti ight tained an im t wit t tre] ‘ three year 
© le eves ft it eve three nt the nat eat f the ar il 

) etoa ether he routinel In ar er 1 r. Reese que n about man 
1S¢ ind on ! ‘ it ‘ working ont pr 

ese experime tal ‘ and en the 

De Loranp V. lou have been intrigued Of that til everytl hee that 
with the potentialities that these studies have pre ry he ‘ ' tw lhe uw 
ented Likew ‘ | t the tee mitair the 


= 
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DISCUSSION 

of tissue around foreign 1 tter im the cornea. | procedure t ttermy hou expe ‘ mn. it a 


1% HOWARD 
person has been blind for a number of years, cer 
tainly he can continue for a few more years until 
we can be more certain that this experiment will 
help him when it is used 

I am very much against human experimentation 


1 he 


would not do it mysell 


this time. I think it woul and | 
certainly 
As tar 


a completely sterile technique wit! 


at premature, 


as antilnotx re neerned, we carry on 


our rabbits, and 


we use antibiotics and atropine every day for a 


week after the operation; otherwise, we find that 
our morbidity through imifectior very higl 
In reply to Dr. Johnson's question I would like 


slicle 


to show another 


AN UNSUCCESSFUL ATTEMP! 


ro UVEAL TISSUE 


ro PRODUCI 


A. NAQUIN 


(Slide) As ta the shape of the implant is cor 
cerned, these are the lifferent series ar 1 sl pes ot 
implants that Ne ive used We f | i 
differences 1 ape make a tremendous difference 
mnnse is whether the plant remain place or 
not. We find that pr eit ndividual 1 i 
na t ive ind lual pl ! mace it 
be different rabb | teret 
weight ra nsidera z 
their rre am tive mivexitie f the ‘ 
We cannot make a definitive statement to whethe 
it tl } ipe of the | | esetit 
A ch mamtan ‘ 


HYPERSENSITIVITY 


IN (;| INE \ PIGS* 


Howarp A. Naguin, M.D 


Baltimore 


|. INTRODUCTION 


It has long been known that various ap 
parently unrelated substances have an ad 
juvant effect upon the development of hyper 
sensitivity to antigens in experimental ani 
mals. This interesting subject has been re 
viewed by Freund.’ 

Clark, Zellmer, and Stone* found that the 
production of agglutinins for B. typhosus 
was increased in rabbits by the previous ad 
ministration of heat-killed gram-positive 

Lewis and Loomis* showed that the capac 
ity of guinea pigs to react to antigenic sub 
stances by antibody formation was ine reased 
by concomitant tuberculous infection. They 
further that dead bacilli, 
trypan blue, and injection of Bacillus abortus 


showed tubercle 
or streptococe! had simular adjuvant effects 

These observations were confirmed and 
extended by Dienes* and Dienes and Schoen 
heit 
tuberculin 


» They found that both anaphylactic and 


type hypersensitivity to horse 
serum or egg white antigen were produced 
when these antigens were injected into sub 


cutaneous tuberculous lesions 


* From the Wilmer Ophthalmological Institute of 
The Johns Hopkins Hospital and University 


Vuryland 


Burky* found that staphylococcus toxim 
had an enhancing effect on the development 
of hypersensitivity to poorly antigens sub 
stances. Coulaud’ found that sensitization to 
tuberculin in guinea pigs developed to an 
unusually high degree when killed tubercl 
bacilli incorporated in parattin were injected 
subcutaneously. Ramon, LLemetaver, and 
Richou* found that paraffin oil or lanolin 
both enhanced the formation of diphtheria 
antitoxin 

Freund and McDermott’ reported the ad 
juvant effect upon development of hyper 
sensitivity by combining an aqueous solution 
of antigen with paraffin oil contamuing killed 


bac illi, 


agent, aquaphor, and an ointment base ce 


tubercle using as an emulsifying 
rived from lanolin, Freund's report stimu 
lated widespread interest and an enhanced 
immune response to a variety of substances 
was obtained by various workers'’ using 
Freund’s technique 

Kabat, Wolf, and Bezer™ and Morgan" 
produced an acute disseminated encephal 
omyelitis in monkeys by intramuscular im 
jection of central nervous system tissue with 


Kabat, W olf 


frontal 


adjuvants and Bezer’® per 


formed right lobectomies on SIX 


rhesus monkeys and froze the removed brain 


HYPERSENSITIN 


each monkey was 


tissue. Following recovet 

given three intramuscular injections, at 
weekly intervals, of emulsion of its own 
brain using Freund's technique. Five of the 
six animals de veloped ymptoms of acute 
disseminated encephalomyelitis within four 


to 28 day ifter the thi injection 


Freund, Stern, and Pisani'* reported an 
isoallergi encephalomyelitis and radiculitis 


in guinea pigs after one injection of brain 


and mycobacteria in water-in-oil emulsion 
l.uen reported on the sensitization of 
rabbits to uveal tissue by the synergic action 


ot taph lococceus toxin He employed the 
ribed by 


ensitization, and reported that Six of 


technique des Burky in producing 


22 rabbits given repeated weekly injections 


of bovine uveal pigment and staphylococcus 


toxin showed sensitization to uveal pigment 


by histologic examination of skin test site 


14 days after testing 

Collins,"® in 1949, reported the production 
of large areas of focal infiltration with 
lymphocytes and epithelioid cells in_ the 


choroid of 12 of 25 guinea pigs given mac 


erated whole guinea pig uvea using the ad 


| 
juvant technique of Freund. Nineteen con 


idjuvant alone or 


trol animals given either 

adjuvant plus an unrelated tissue, liver, 
showed no abnormal histopathologic findings 
Seventeen of the 2 inimals were tested in 


tradermally with uveal pigment, and showed 


no tuberculin-like reaction, Quantitative com 


plement fixation tests to whole guinea pig 
uvea were done on 12 animals and found to 


he negative 


Il. EXPERIMENTAL PROCEDURI 


Following the publication of Collins’ re 


port, it appeared worthwhile to extend his 


work, using uveal antigen from both albino 


and nonalbino guinea pigs. The following 


experiment was therefore carried out 
U veal 
healthy 


which had been stunned 


tissue antigen was obtained from 


guinea pigs, albino and nonalbino 


ind exsanguinated 


atter the eves 


exXsanyvuination 


Immediately 
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were enucleated and frozen im carbon dioxide 
snow. The eves were later thawed out, dipped 
for several seconds in boiling water, and the 
entire uveal tract removed under sterile tech 
nique. The uveal tracts were ground in sterile 
saline, in a mortar, and then further ground 


Normal saline 


so that one uveal tract was suspended in 0.5 


in a tissue grindet was added 


Phenol was added to make a 
The uveal 


pensions were placed in sterile rubber stop 


ec. of saline 


O5 reent solution tissue Sus 
pe red bottle Ss. Se parate suspensions were ob 


tained with albino and nonalbino uveas 


Lens antiven was obtained from the same 
eves as the uveal tissue antigen. The lens 
capsule, with adherent uveal pigment, was 


removed and the remaiming lens tissue was 
ground in sterile normal saline im a motat 


Normal added 


was suspended in 0.5 ce of saline 


so that one lens 
Phenol 


was added to make a 0.5 percent solution and 


saline Was 


the suspension was placed in sterile rubber 
stoppe red bottles 

Four water-in-oil emulsions were prepared 
according to the technique of Freund, using 
pigmented uveal antigen, albino uveal anti 
gen, lens antigen, and O.5-percent phenol in 
saline. One part of autoclaved aquaphor was 
added 


saline a 


slowly to two parts of antigen in 


sterile mortar, and mixed 


thoroughly. One part of autoclaved paraffin 
oil, in which had been suspended 2.0 mg 
(dried weight) of heat killed virulent human 
tubercle bacilli per ce., was then added. One 
cc. of final emulsion therefore contained one 
uveal tract or one lens and 0.5 mg. of tuber 
cle bacilli, 0.5 ec. of saline | plu phe nol), and 
0.25 cc. of aquaphor, and 0.25 ec. of paratin 
oil 

Seventy-two guinea pigs, male and female, 
albino and nonalbino, weighing between 250 
and 750 gm. were divided into six groups of 
12 animals and each animal was given two 
subcutaneous injections, one week apart, of 
LO 


of emulsion as follow 


Group |. Pigmented uvea in water-in 


onl emulsion 


108 HOWARD 


Group Il. Albino uvea im water-in oil 
emulsion 

Group ILL. 0.5-percent phenol in saline 
in water-in-oil emulsion 

(sroup 1\ 


emulsion 


Lens tissue in water-in-oil 


Group V. Pigmented uvea in saline 
Group VI 


Che animals were examined with a hand 


Albino uvea in saline 
light and ophthalmoscope every two to three 
days. Half of the animals in each group were 
killed five weeks after the first injection, and 
the remainder seven weeks after the first 
myection 

Pwo weeks be fore death, each animal was 
given an intradermal skin test consisting of 
0.1 ce. of guinea pig uveal tissue suspension 
in saline, both albino and nonalbino, as pre 
pared previously Forty-eight hours before 
death, cach animal was given a series of in 
tradermal skin tests which included (1) 0.1 
ce. of old tuberculin (0.1 mg./cc.), (2) O1 
ce, of guinea pig lens in saline, (3) control 
All skin tests were observed at 24 and 48 
hours, and the uveal skin tests injected two 
weeks previously were excised at time of 
death. At the time of death all eyes were 
enucleated and subsequently examined his 


tologically. 


RESULTS 


the skin tests as 
observed 48 hours after injection are shown 


Table 1 


Ihe results of various 


in In no case was a tuberculin-type 


A NAQUIN 


ente d uvea 


skin reaction noted to ¢ ther pign 
or to nonpigmented uvea That the animals 
were capable of developing tuberculin-type 
skin \ 


reactions is shown by the umtorm 


strong reaction to both old tuberculin and to 


lens protein 


The excised pieces of skin contaming the 
tologicall 


uveal skin tests were examined h 
In no case Was a positive or even doubtful re 


action obse rvé 


The enu leated eyes of all animals were 


cally after with 


examined histologi staiming 


hematoxylin and eosin. The only abnormal 


ities noted were occasional scattered small 
collections of lymphocytes in the uve il tracts 
No epithelioid cells were found, and no 


lesions resembling Dalen-Fuchs nodules were 
The of 


lymphocytes were found in approximately 


found scattered collections small 


one third of all the eyes, and were found in 
all 


approximately equal numbers im 


groups. 
IV. COMMEN1 


Freund's adjuvant technique has proven 
itself a powerful tool in the experimental 
production of hypersensitivity to various 


ggested that 


proteins. The work of Collins su 
the application of this technique offered an 
excellent method for the study of hypersen 
sitivity to uveal tissue in exp rimental ani 
mals. Under the conditions of this single ex 
periment, ollins’ results were not confirmed 
It is difficult to be certain whether this was 


rABLE 1 


RESULTS OF INTRADERMAI 


Pigmented 


(sroup 
ea 


1. Pigmented uvea in water-in oil 


emulsion 0 

If. Albino uvea in water-in-oil 
emulsion 0 

It. 0.5% phenol in saline in water-in 

oil emulsion 0 

IV. Lens tissue in water-in oil 
emulsion 0 
V. Pigmented uvea in saline 0 


Albino uvea in saline 


SKIN TESTS AS OBSERVED 18 HOURS APTER INJECTION 


Old 

\lbine 

luberculin Lens Control 
vei 

0 0 
0 0 
+- + 0 
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the result of the 


factor 
the 


uveal tr I rei 


technique here 


prote ns 


the «tant m 


the produc state The 


tact 


lens protein wa roduced sugges it the 


latter x planation 


rrect om 


reund’s 


rat it I 
25 1933 
l’r 


Vie 


Rhesus mor 
85 :117, 1947 


Med 
12. Morgan, I 


nervous ti 
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risst] 


ditions of the experiment neither a tuber 


culin-type skin hypersensitivity to uveal 


pigment skin test 
he 
histolog 


that 


nor a positive uVveal 


dl histologically could pro 


duced there 


were 
were m 


any way vn pathetr ophthal 


H 


demonstrated by tt r 


wens 


adjuvant technique 


mia to protein as 


ulin-t ensitivity 


was produced using the 


on the for 


e exerted on 


content ot 


nmunol,, 


} ‘ 
‘ 


50 446.475 


itoxine et ce 


4 
OF isu 
V. CONCLUSION 
Using FRR adjuvant technique, an at- 
tempt was made to produce hypersensitivity 
to uveal tissue im guinea pi L'nder the con The Johns Hopkins Hospital (3) 
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FILTER-PAPER ELECTROPHORE SIS OF TEARS* 
1. l.ysOzyYME AND ITS CORRELATION WITH KERATOCON JUNCTIVITIS SICCA 
W. K. McEwen, Pu.D., AND SAMUE! J. Kimura, M.D 
ran Califorma 
it has been difficult heretofore to study filter-paper cis« which is then placed m a 


ot 
he 


simplicity and micro « haracter of filter-papet 


the protein components ot tears because 


the minute amount of material available 


electrophoresis' allows the investigation of 
the proteims in the fluid in the conjunctival 
sac and provides a new avenue of approach 
to the understanding of pathologic conditions 
the 
application of such a me thed and the results 


of conjunctiva. This paper reports the 
so far obtained in the study of normal and 


pathologic conditions of the ey 


APPARATUS 


\ 12 by 25 cm. sheet of Whatman No. | 
filter paper is placed on a plastic rac k in such 
a fashion that it is supported longitudinally 


about every 2.0 em. for a distance of 20 em., 


leaving 2.5 cm. on each end to dip into a 


buffer solution. The buffer vessels contam 
about 150 ml. of a barbital NaCl buftet 
(pH 7.8, 0.16) and Ag AgCl elec 


trodes to which is applied a direct current of 


70 volts to give a gradient 3.5 v./em. and a 


of The 


parts are totally enclosed in a plastr box to 


current about ma component 


provide an atmosphe re of constant humidity 


Mr 


The tear fluid from the conjunctival sac ts 
absorbed on 0.25-inch ® Whatman No. 1 


* This work was supported by the generous con 


tribution of Mr. Joseph George, San lose, Cah 
fornia. It is a joint contribution ot the Radio 
activity Center, the College of Pharmacy, the De 
partment of Ophthalmology, an 1 the Francis | 


Proctor Foundation for Resear h in Ophthalmology 
of the University of California, School of Medicine 


small constant humidity chamber to keep it 
until used he specimen will be good 
days although it is preferably 


for several 


analyzed the sare day The electrophoresis 


is assembled, equilibrated tor a 
and the 
placed on the filter paper about 7.0 em. from 


electrode 


apparatus 


short period of time, specimen ! 


the negative® Four specimens may 


be run at the same time including a standard 


consisting of a solution of cry talline egg 
white lysozyme (0.25 percent) and of al 
bumint (0.4 percent). The current is turned 
on and allowed to run about 16 hours Phe 
filter paper sheet 1s removed, air dried, 
heated 10 minutes at 105°C. and stained in 


the usual manner’ with brom phenol blue 
and the blue color deve loped with ammonia 


NORMAL PATTERNS 


above conditions, the normal 


Under 


pattern consists of at least three components 


the 


One component travels to the negative pole 


with an electrophoretic mobility of 2 10 
em. /sec./volt/em. (uncorrected for endos 
mosis). This component, as will be shown 


Anothe 


with 


later, is the lysozyme component 


component moves to the positive pole 
of 3.5 10 
This is the fastest moving component and 
The third 
an undifferentiated 
1 be 


under different electrophoret conditions m 


a mobility cm. /sec./volt /em 


identical with albumin 


seems 


component 1s probably 


mixture of proteins which wil analyzed 


Cohn tract 


Purthed 


|L.aboratories, Berkeley, 


order to obtain good separation and identifi 


cation, The mobilities of both the lysozyme 


and the albumin are slower than those values 


found for liquid electrophoresis which in 


dicates that the proteins are not traveling 


solely in the butter film 


In the normal individual, regardless of sex 


or age, whose 


tears have been analyzed, this 


pattern is reproducible. Tears from crying 


viduals whethet tionally or chemi 


emo 


cally produced for short durations give the 


peated analvses of tears 


Sanne pattern Rey 
from 20 case of chronic ¢ tarrhal conyjun 
tivitis also show this normal pattern 
ABNORMAL PATTERNS 
It i nteresting that the only deviation we 
have found from the normal pattern is eithes 


i lack ot the col 


ponent or a 
This de 


following con 


reduced concentration of it 


ation has been found in the 


dition Six cases of clinically detinite kerato 


conjunctivitis sicca were studied and 


were 


found to be la king in the lysozyme 


cin po 


nent Iwo cases were found which had 
symptoms and complaints compatible with 
either keratoconjunctivit icca or chron 
catarrhal conjunctiviti Since they had a 
greatly lowered lysozyme concentration and 


ires it felt that these 
There 


ond 


showed nevative cu 
cases represent an early keratitis sicca 
was one case Of a unilateral dr 


wh h 


component This wa pre umed to be because 


iry to trachoma lacked the lysozyme 


PROPHORESIS OF 


PEARS 01 


USSION 


In view of the above correlation of lack of 


1} 


the lysozyme component with keratocon 


junctivitis sicca and the possible detection of 
early cases it became necessary to show that 
the negatively moving component is lysozyme 
beyond the evidence that it is electrophoreti 


cally 


White ly 


indistinguishable from crystalline egg 
ts 


view of the report of Smollens,® et al., who 
that the is ditter 


important also m 


indicate lvsozvine of tears 


ent from the lysozyme of egg whit 
\n electrophoretic run was carried out on 
two sicca tears, and one 


two normal tears, 


0.25-percent egg white lysozyme solution 


Ihe epyy 


gg white lysozyme strip and one each 
of the normal and sicea strips were cut into 
0.75-inch sections on either side of the origin 
These sections were placed in buffered solu 
tions (pli 6.8) contaiming the polysaccharide 
* follow 


Salton 


coat of Micrococcus lysodeikticu 


ing a modification of the method of 
The reduction in optical density at 640 mp 
indicates the clearing of mixture by hydroly 
By detinition® this 
Table 1 


the results of such an experiment and 
that 


S18 of the polysaccharide 


shows the presence of lysozyme 


give 


shows only ege white lysozyme and 


normal tears have lytic activity and this ac 


tivity 1s contined to the negatively moving 


component. The unused strips of normal and 


keratitis sicea tears were stained and the 


latter strip showed no lysozyme component 


while the position of the lysozyme com 
of fibrosis of the lacr il glanda a result of 
d itis cal 
in adeniti ana the ATTINy ol the con * (Obtained throus the courtesy { the Depart 
junctiva ment of Medicine 
1 
of SERIAT ECTIONS OF DIFFERENT ELECTROPHORETIC DIAGRAM 
VIICROCOCCUS LYSODEIKTICUS AS A TEST FOR LYSOZYMI 
il der at 640 muy 
Section*® 
Material 
; 6 7 
Lysozyme control 0.93 0.56 0.94 0.92 1 Oo 0 98 1.02 
Normal 0.94 0.55 77 0 98 1 0.99 1 oo 
Keratitis sicca 0.98 0.96 0) 98 0.99 0) 98 0.99 0.98 


* Section 


numbered from 


pole to po tive pole with the origin hetwee Section tand 4 
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ponent of normal tears was hown to corre 


spond with the position of the activity of 
the M 


It would thus appear that the lysozyme of 


enzyme toward lysodeikticus. 


human tears is electrophoretically and en 


zymatically similar to egg white lysozyme 
and is quite distinct from the other proteims 
of tears. 


SUMMARY 


A filter paper electrophoretic method for 
the protein analysis of an individual's teat 
fluid has been described. (ne protein com 


ponent moves to the negative pole at pH 7.3 


1 Kunkel, H. G., and Tiselius, A Llectrophore 
1951 

> Poigan, P.: Anode-cathode labeling in electrocl 


Alderton, Ward, W H and Fevold, H I 


157 :43, 1945 


4 Consden, R., and Stamer, W. M lonophore 
analysis of protein poly wecharide complexes, Nature, 
5. Regan, | The lysozyme content of tear Am 


Smollens, |., Leopold, i. H., and Parker, |., 
Il) 1949 
7. Salton, M 
746, 1952 
8. Fleming, A. On remarkable bacterolytx 


Series B, 93 306, 1922 


R. J 


isc 
De Geeen: In 1949, Smollens, Leopold, 
and larker conducted electrophorets studies of 
the component tractions o! tear derived trom 
\ human patients Ar that tome with an appar itus not 
Sg adapted for micro-work, they found essentially 
four components, three whe migrated to the 
‘ cathode, the negative electrode, and one migt ated 
to the positive electrode 1 he assumed that the 
lveozyme was contained the three components 

that migrated to the inode 
Dr. Leopold, who regrets he wa unable to 
ittend this meeting to discuss thi teresting paper, 
has informed me that most recently he and Dr 
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Cell wall of Micrococcus lysodeikticus a the subs 


KIMURA 


and has been identified as the lysozyme fra 
tion by its electrophorety mobility and by its 


activity toward M lysodeikti us. There 1s a 


direct correlation between the lack of this 
component and the presence of keratocon 
junctivitis sicca Chere is an indication that 


it 1s possible to detect early cases Im the cases 
studied there has been no other pathologi 
condition that has shown this defect except 


for a dry eye secondary to scarring im tra 


choma 


University of Califorma 


edical Center 


J 
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Isolation ot from ewe white Biol. 
sis of sugars on paper and some pplications to the 
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1. Ophth., 33 :600 1950 
Studies of human tears. Am. J. Ophtl 32-153 (Jun 
bstrate ot Vature 170 
element found int ies and secretions. London, Vr Ro 
t'SSION 
Smollens have conducted similar experiments Ww 
i micro-electrophoretx pparatu the ‘ 
wain found four components llowever, the om 
omponent that ontaimed now 
vyrated to the catl de, the mnewative elect le 
and the three mactive components migrate 1 the 
anode. This is essentially m agreement wit the 
results presented today 
Caselli and Schumacher (Klin Monatsbl. 1 
Augenh.. 124:148-154, 1954) have report 1 the re 
results—four components, three of which migrate 
to the anode nd the component ( 4) 
zyme t wrate the hock 
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AR LESIONS IN HAMSTERS* 
With CHRON IYOPLASMA ann BESNOTITIA iNrecrion 


NKEL, M.D 
Kan 


Uveitis has been produced experimentally, of Toxoplasma are recognized, [Distinctive 
usually in rabbits, by injecting tubercle bacilli features are the argyrophilic and pertody 
or other mi rgan dit into the acid-Schiff (PAS) positive cyst wall that 1s 
anterior chamber. raul cribed the resilient in the fresh state. Individual Toxo 


production of acute chorioret is by the plasma within cysts are generally more 


intracarotid injection rabl x densely packed, more slender, and possess a 


plasma large paranuclear glycogen granule, whereas 
Che purpose port is to deseri proliferative organisms contain several smal 


the obsery esions incidental t ler glycogen granules that are scattered 


a study of two general | infections, u When hamsters are inoculated with eithet 


duced by subcutaneous o1 raperitoneal in form subcutaneously on the back, or intra 


oculation in golden has rs (Mesocricetus — peritoneally, a generalized infection develops, 


iuratus ). It is felt tha ifections repre vith lesio predominantly at the imyection 
sent better model { mmparison with te, in the lungs, liver, and spleen Untreated 
sporadi chortoretin noma hamsters generally succumb to the acute in 
Leo ihization 1 \ \ opment ind fection within five to 15 day ., depending on 
extension of lesio ‘ | { din prop ze of moculum, the virulence of the strain, 
perspective to the infecti \ i other factor I.xamination of tissue 
| esion produce | | on the pre ence of larwe numbers 
Poxopla na gondiu and proliterative forms ot loxoplasma, intra 
organisms, or by the rupture © , 5. cellularly as well as extracellularly, produ 
can be compared ny lesions by necrosis of parasitized cells and 
Immunologic factor iwccompanying inflammation 
that may allow eventua better undet When hamsters are treated with sulfadia 
standing of the pathog j s ot miection j the acute infection m: remain more o1 
giving rise to lesions in various tissues of the ymptomatic. Within two to four week 
body as well as in tl al s have generally acquired sufficient 
lo introduce the ocul pathology, a re im , upon discontinuation of 
view of the pathogen of each infection in therapy, they st ive with little or no symp 
the hamster will be giv toms after an mtection with most strains ol 
loxoplasma. When examined by subimocu 
PATHOGED 


lation, organisms can generally 
IN THI 


from the brain and from some othe 
subject has been con (On tissue sections, cysts of Toxoplas 
= following found in small numbers ually 
terative the bra without 


and & ) tion. (organisms or lesion 


1Or countered in the eye 
Chronic toxoplasmosis induced by a ma 
of laboratory al is a latent inte 


niection th the kk golden ham 


” 
Kansas 
ryan 

are 
sidered 
data are ren 
forms (fig. and 4) a ely en 

* From the Department of Pathology as 
ogy, University of Kas , Med 
investigation wa ipported in part by a . 
grant | $7 from the Nat M | 
stitute of the National Institute Healt | 
Health Service 


204 J. K 


sters results in a chronic infection that 1s 
frequently accompanied by symptoms of en 
cephalitis, ocular involvement, and adrenal 


These 
where.” It is sufficient to state here that these 


necrosis have been cle ss ribed else 


symptoms appear weeks and months after 
infection at a time when high antibody titers 
are present 

In the brain numerous Toxoplasma cysts 
are found as well as foci of necrosis and 
glial nodules. The intact cysts are not chemo 
tactic, 
ture: there is no histologic evidence of toxo 


The 


however, are produced by proliferative ot 


and the lesions result from cyst rup 


plasmic proliferation adrenal lesions, 


ganisms, Hence, there is evidence that cysts 
as well as proliferative organisms persist 
Discussion of the eye 


during chronicity 


lesions will be found later 


PATHOGENESIS OF INFECTION WITH 


BeESNOITIA IN THE HAMSTER 


Besnoitia jellisoni has recently been de 
resembling ‘Toxo 
forms (figs. 11 


19 and 22) are 


scribed as a protozoan 


plasma.’ Proliferative and 


14) and cyst forms (figs 


recognized. Inoculation of hamsters with 


either form leads to an acute infection im 


which only proliferative forms are found 
\ fter subcutaneous inoculation, a generalized 
infection develops with lesions predomi 
nantly at the injection site, in the lungs, liver, 
spleen, and adrenal gland, much like that seen 
m toxoplasmosis Untreated hamsters die 
with their acute infection between the eighth 
and 12th day 


related to the parasitism of individual cells 


Tissue sections show lesions 
Intracellular and extracellular proliferative 
forms of Besnoitia together with necrosis of 
host cells and inflammation are present. 
Treatment of infected hamsters with sulfa 
diazine (60 to 90 mg. percent of the sodium 
salt in the drinking water) retards the pro 
liferation of organisms sufficiently to prevent 
death. It also permits the development within 
10 to 14 days of a state of relative immunity. 
In the third and fourth weeks of infection, 


FRENKEI 


cysts make their appearance at the injection 
site and elsewhere. Dependent on their state 
of development they range from 20 to 500 
micra in diameter and consist of a r silient 
cyst wall, five to 50 micra in thickness, en 
closing a syncytium of large vest ular nuclet 
and a cytoplasmic va¢ uole in which the cres 
organisms develop 


centic Toxoplasma like 


(fig. 19) 
In the larger filled 


nearly the 


evsts. a single vacuole 


micro-organisms 


with occupies 


entire cyst, with the large vesicular nu let 


inconspicuously applied to the cyst wall 


(fig. 22). These cysts are not accompanied 
inflammatory reaction as 


(fig. 18 


by a significant 


long as they are intact 


Chronic Besnoitia infection 1s ordinarily 
accompanied by the presence of cysts. The 
lesions following the breakdown of cysts are 
infiltration of 
cells 
Che organisms liber 
poorly 

Che 


resembling a 


that 


necrosis, 
later 
24) 


ated by cyst rupture are 


characterized by 


granulocytes, and mononuclear 
and fibrosis (hg 


found to be 
staining and subject to phagocytosis 
lesions are circumscribed, 
yranuloma, and there 1s no evidence 


fesnoitia liberated from cysts enter new 


cells and prolife rate 
Proliferative forms of Besnortia, howeve! 
do survive into the chromic stage of inte 


tion. This can be easily demonstrated by the 


use of certain strains that have lost their 
cyst-forming capacity, and wher only pro 
liferative forms occur. Such straims have 


been employed during this study to follow 


the more evenly progressing infection with 


proliferative forms This avoids the comph 


cation resulting from cyst rupture with the 


release of large amounts of apparently non 


infective material. Conversely, 


lesions produced by cyst rupture uncompl 


cated by marked prolife rative activity can be 


antigen 


studied when the animals are maintained on 


which inhibits pro 


sulfonamide the rapy 


liferative organisms to a greater extent than 
the development of cysts and contained or 


ganisms 


— 
| 
j 


TOXOPI 
PERIMENTAL PROCEDURES 
Hamsters were infected by the subcutane 
route with eithet 
They 


sodium, in 


ous or intraperitoneal 


Besnoitia or then 
treated with 
of 60 to 120 mg 


water. Treatment was usually begun on the 


loxoplasma were 


sulfadiazine doses 
percent in the drinking 
day of inoculation and was continued for 10 
intermittently 
RH strain 


to 30 days, and occasionally 


lo control the infection with the 


of Toxoplasma, it was often necessary to 


incorporate additional sulfadiazine into the 


fi 


Certain of the hamsters were first infected 


with one of several other strams of Toxo 


plasma (without producing eye lesions ) 
They were then secondarily infected with 
the RH strain, following which ocular 
lesions did appear 


EXAMINATION 


Hamsters 


the development of eve lesions 


<amined for 
After 


one to two 


were periodically « 
they 
had been placed in the dark for 
hours, or at night, their pupils were widely) 
dilated so that no mydriatic was necessary 

The animal to be examined ts picked up 


back 


and, occasionally, if skin tension closes the 


by the loose skin over the of the neck 


eye, or, if the hamster resists handling, it 1s 
held by placing thumb and first finger of the 
left hand under its chin from posteriorly 
The optic reflex is first observed by shin 
ing a light from close and somewhat laterally 
into the hamster’s eye, watching from some 
In the normal eve 


dar} 


lollowing this, with 


distance a bright reflex 


is obtained from a fundus, with the 
media appearing clear 
the plus-eight lens of the ophthalmoscope 
applied closely to the observer's eye, the 
hamster's eye is approached to about five em 
and the fundus is visualized 

On a yellowish or pinkish background, red 


vessels are seen converging toward the opti 


disc, which usually projects into the vitreous 
and generally shows black pigmentation 


made and 


Minor dioptric adjustments are 


ASMA AND BESNOITIA 205 


the fundus is scanned quickly. This ts often 
facilitated by use of a green filter which re 
duces the glare from the light fundus 

Although hamsters occasionally attempt to 
bite when handled while in the light, they did 
not attempt to do so when handled in the 
dark. Only animals with encephalitis need to 
be handled with care 

\lthough most hamsters struggle slightly, 
examination of the eye is an easy procedure, 
if the animals are 
weekly 


useful for 


cially examined onee 


espn 
or twice plus-20 lens is more 
examination of the anterior 
chamber, iris, and lens, since the plus-40 lens 
requires approaching the animal too closely, 
stimulating its vibrissae and making it rest 
less 

With Besnoitia infection, eye lesions ap 
peared in over 50 percent of animals during 


Hence 


came to study during the early stages of thei 


the first two months more of the eves 


involvement 

With Toxoplasma infection, eye lesions 
appeared sporadically and often months after 
Since at that 


observation, the 


infection time animals were 


less 


lesions were frequently missed. Many of the 


under close earliest 


involved eyes were observed incidental to 


experiments in which it was not feasible to 
kill the animal. In 


tions were performed. In all other cases the 


such instances, enuclea 
entire animal was studied histologically 


The Zenket 


formol solution for eight to 10 hours and 


eyes were usually fixed in 


embedded in methyl benzoate containing one 
percent celloidin followed by parattin Set 


tions were stained with hematoxylin and 


eosin or with the periodic acid-Schiff tech 


nique followed by hematoxylin (PASH) 
Selected eyes were serially sectioned, or 
semiserially, by mounting six sections, five 
micra in thickness, every 100 micra. The eyes 


of 35 hamsters showing clinically observed 
lesions during Besnoitia infection form the 
basis for this histologi study 


A similar 


with 


number of eyes from animals 


chronic toxoplasmosis were available, 
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but nine eyes W ith representative lesions were WIDESPREAD RETINAL NECROSIS 


selected for detailed histologic study based . 
on the availability of semiserial sections. This lesion swe eyes 
Hamster eyes measure approximately four hamsters. One ( No Sol) had been infected 
to five mm. in diameter after fixation and with the RH strain for three months and it 
sectioning, with the lens accounting for over had been treated with sulfonamides for the 


half of this diameter first three weeks after infection. The other 


hamster (No. 315) had been infected with 


OCULAR LESIONS ASSOCIATED WITH CHRONIC the CJ strain of Toxoplasma® for one year, 


TOXOPLASMOSIS and had been treated during the first month 
INCIDENCE of the infection; it was reinjected with CJ 
Due to the sporadic and late appearance after two and five months, and was finally 
of lesions no exact data are available. Unex challenged with the RH strain 10 months 
plained factors account for some variability, after initial infection. During the next two 
since eye lesions were observed in an esti months, it lost weight, developed signs of 
mated 6 percent of hamsters several years encephalitis, and became paraplegi 
ago, associated with an incidence of about Destruction of the retina was most severe 
80 percent of encephalitis, whereas during at the posterior pole. In one of the eyes the 
the last two years the incidence of each has = more anterior parts of the retina were littl 
been in the neighborhood of only 40 percent involved, but it was detached by exudate 
Clinical data on individual hamsters have from the choroid. Neutrophil granulocytes 
been reported were most common in and near the necroty 


Fig. 1 (Frenkel). Proliferative forms of Toxoplasma in retinal pigment epithelium. Most of the central 
retina is necrotic; lymphocytes and mononuclear cells are present in the adjacent choroid. (Hamster 315 
1700 Period AC id hiff followed by hematoxylin 


POXNOPI 


portions. Most of the pigment epithelium was 
1; 
i 


versal of 


destroved with much dis} pigment 


granules 
| oxoplasma 


Proliferative organisms ot 


were identified in the retina only (fig. 1) 


The choroid 


lymphocytes in one and plasma 


showed a predominance ot 


cells in the 


other eve, without necrosis. The ciliary body 


pigment was ivhtly dispersed and the 


stroma was infiltrated with lymphocytes, but 


the epithelium was intact. The iris contained 
1 tew pla ma cells ome pigment laden 
cells were present in the anterior chamber 


sectioned only in one eye, 


Ihe optic nerve, 


was necrotic; the era howed — litth 
change Lhe contralateral eyes of both 
hamsters were subinoculated into mice and 
loxoplas na Wa olated trot both 

CHORIORETINITIS OCIATED WITH 


PROLIFERATIVE [TOXOPLASMA 


This was seen only once in an otherwise 
normal appearing hamster 154-59) infected 
with the RH strain via the subcutaneou 
route. It had been treated with sulfadiazine 
lor 17 day , Wa challenged vith RH and 


two days later treated for another eight days 
and 10.5 1 


mall number of pig nted cells ap 


Between nine onths after infec 


tion a 


peared in the anterior chamber of one eve 


ind it was difficult to visualize the fundus 


The eve was enu leated and ectioned sem 


ally 

Only a single focal choriorentinal lesion 
was found (fig. 2 easuring 1.4 mm. by 0.6 
mm. in diameters. It wa tuated about mid 
wav between the nervehead and the ciliary 
body. In the center of the lesion the retina 


was partially necroti and moderate numbers 


of neutrophil granulocytes were present (fig 


The imner and outer nuclear 


most n irkedly destroyed ind 


persal of pigment The covering gangloni 


laver and the entire retina peripherally 


ecema, infiltration with cells re 


showed 


sembling granulocyte wollen microglia 


and lymphocytes. The retinal capillaries were 
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10.5 


ter miection wit Poxoplasma, (Hamster 
54.59 wl] Perio id-Schitf followed by 
ematoxylin.) Figures 3 and 4 are from the same 


dilated and surrounded by inflammatory 


cells 
Small groups of proliferative forms of 
loxoplasma were common in vacuoles pre 


umably but not clearly intracellular im 


position (fig. 4), Up to six groups were ob 
ection, the largest contaming 
40 


counted in serial sections 


served in one 


neighborhood 


im the organisms, as 
Bruch’s membrane appeared intact ; how 
ever, in the center of the lesion fibroblastlike 
(retinal epithelial’) cells were proliferating 
Che choroid joining the retinal lesion showed 
fibroblastic proliferation and dispersion of 
pigment, and, more peripherally, infiltration 
In the 


a few inflammatory 


with lymphocytes and plasma cell 


overlying scleras were 


cell 


with pigment 


Phe vitreous contained microglialike cells, 


ingly and in groups; similar cells were sur 


rounding and wandering away from. the 


vascular cone of the nervehead along the 


4 
¥ 
f 
j 
layers were 
ther: was dis 
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Fig. 3 (Frenkel). Focal chorioretinitis ; the arrow points to a group of Toxoplasma (Hamster ]-54-59 
% 230. Periodic acid-Schiff followed by hematoxylin.) Figures 2 and 4 are from the same eye 


hyaloid membrane. Retinal vessels, even at 
a distance, were surrounded by mononuclear 
cells 

Ciliary body, iris, anterior and posterior 
chambers contained inflammatory — cells 
Posterior synechias and pigment ladened 
cells covered part of the lens. Cornea and 


lens appeared normal. 


C HORIORETINITIS ASSOCIATED WITH 


TOXOPLASMA CYSTS 


This was best represented in two hamsters 
infected with the RH strain for six and 
seven months. Both had been treated for 
three weeks following infection 

In Hamster 364 only the left eye was im 


volved; the right fundus could be visualized 


<< 

Fig. 4 (Frenkel). Two groups of proliferative 
Toxoplasma in retina of hamster 1-54-59. The small 
irregular granules at left are pigment («900 
Periodic acid-Schiff followed by hematoxylin.) 


Figures 2 and 3 are trom the same eye 


eo 
| 
| 


PONOPI 


big 5 (Frenkel) lox plasma cyst m retina 
howime chi inflat tion and degeneration ot 
the outer 1 r ne ‘ ind cone layer 


“Subretinal” edema i reset but the pigment epi 


thelium remai at ed membrane 
ind choroid. There 1 emor em the vitreou 
(ii ‘ x mort ter miection, right 
eve. Dye test titer 1:65,000 x0. Periodic acid 
» it foll we | by te 

and when sectioned no lesions or cysts were 


ol ences phaliti 


found. A moderate degree 
was present loxopla ma antibody titer as 
measured by the dye test was 1 :65,000 


Hamster 386 had recently deve loped haz 


ness of the right fundus and cysts were 
found on sections. The left eve (which will 
be discussed in the next section) had le 


veloped a hemorrhage in the anterior cham 


ber three months after infection, which was 
followed by keratitis, ulceration, and extru 
sion of the lens six months after infection 


This was treated by the topical application of 


Sulfamylon (brand of 4-aminoethyl-benzene 


sufonamide HC1), and a week later the ani 
mal was killed. The dve test titer was 
1 :-65.000 


Least advanced changes were seen in the 
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right eye of Hamster 386, The retina showed 
uniform loss of the outer nuclear layer, with 
a diffuse gliosis slightly disrupting the mnet 


nuclear and ganglion layers (fig. 5) 


Lymphocyte and muicroghalike cells were 


scattered about 


Poxoplasma cysts Were present some of 


which appeared intracellular in location 
They contained 100 to 200 individual organ 
with the 


Individual 


which stained brillantly red 


acid-Schiff-technique 


Isttis 
several serial sec 


extended through 


tions, and less than one cyst per section was 


seen 

Hemorrhage was present in part of the 
vitreous. Much of the latter was obliterated 
by gliosis joining the retina to the lens 


l.xudate detached part of the retina from the 
was only 


Lhere 


pigment cpithelium (fig. 5) 


Fig. 6 (Frenkel) Poxoplasm onoretimt 
associated with cysts. Note formats f inflamma 
tor esicles and of posterior ‘ (Hamster 
eve 1 live test titer 
1 65,000 l icid-$ if 
ematox ) Fig / nd are 
eye 


| 
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Fig. 7 (Frenkel) 
to retina 
Inflammatory containing a few large 
(F) Seclera 
Toxoplasma were identified in this eye 


lin.) Figures 6 and & are from the same eye 


vesicle 


with chrome inflammation 


a moderate degree of choroidal infiltration 
with lymphocytes and plasma cells. Ciliary 
body and iris were much enlarged by pro 
liferation of pigmented cells; the epithelia 


were only slightly disorganized. Pigment 


bearing mononuclear cells were present 
singly and in groups in the anterior chamber 
as well as on the lens. The pupil was covered 
by fibroblastic proliferation 

Marked gliosis with inflammatory cells 
and vascular proliferation, giving the appear 
ance of granulation tissue, together with 
necrosis of the latter, as well as of most of 
the retina, were the distinctive features of 


the left eye of Hamster 364 (figs. 6 and 7). 


Close-up of lesion shown in Figure 6 (sides reversed) 
(B) Retina showing necrosis, cellular infiltration, fibrin deposits, 
lear cells 
((;) Optic nerve sheath. Only cysts 


(Hamster 364 


FRENKEL 


(A) Lens which is 
and cellular proliferation. (C) 
(D) Pigment epithelium. Choroid 
und no pr iterative tor 


310. Periodic acid-Schiff followed by hematoxy 


Toxoplasma cysts were numerous here 
(fig. &). Large fluid-filled vesicles wer 


present between the retinal remnants and the 
cells 


inflam 


pigment epithelium. Mononuclear 
formed small hillocks of cells. Thess 
matory vesicles pushed the retinal remnants 
and the slitlike 


remnant was occupied by fibrinous exudate 


toward the lens, vitreous 


and debris 
Again much proliferation of ciliary body 


and iris stroma was noted. Some fibroblasti 


proliferation extended from the ciliary body 


anteriorly and posteriorly over the lens 


Posterior synechias were present together 


with pigment-ladened inflammatory cells in 


vd 
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the anterior and posterior chambers. Lens 


and cornea were seemingly unchanged 


PHTHISIS BULBI 

rhe history of one eye in which lens ex 
trusion occurred was given in the last sec 
tion. Another eye with less advanced changes 
came from Hamster 3609, seven months after 


infection. This latter eve showed shrinkage 


degeneration of lens capsule and body, espe 
cially posteriorly, where fibrous scar tissue 
was attached to the lens and showed much 


pigment and calcification ( hg. 9) 


Fig. 9 (Frenkel). Early phthisis bulbi, seven 
months after infection with Toxoplasma. (Hamster 
9 £15. Period acid-Schiff followed by hema 


toxylin. ) 


The choroid was about five times thicket 
than normal due to proliferation of pig 
mented fibrous tissue and infiltrating plasma 
cells; the sclera was thickened to twice it 
normal dimension. The ciliary body showed 
partial regeneration. The iris was infiltrated 
by a few plasma cells and it was adherent in 
part to the lens where an anterior cap ular 
cataract appeared to be forming. The cornea 
normal 

The other eye of this hamster showed only 
a few cells in the anterior chamber and slight 
disorganization of the pigment m the ciliary 
body stroma 

Following lens extrusion, the left eye of 
hamster 386 presented a thick coat of sclera 
choroid, and iris with much pigment, enclo 
ing a cavity occupied by two large cushions 
of regenerating ciliary body epithelium and 
Fig. 8 (Frenkel Tox , st in retina @ small amount of fibrou car tissue with 


(arrow). Lens (A) and ganglion layer of retina calcific foci, pigment, and cholesterol cleft 
(B) are jomed by glial fibers (C). (D) Inflan 


Prolife rating corm il epithe had filled 
matory vesicle. (230. Periodic acid-Schiff fol 


in the corneal uleer and the pupil pushing 


wed by hematoxylin.) Figures 6 and 7 are fron 


ime eve Descemet’s membrane to the side 
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Iridocyclitis with necrosis of 


Fig. 10 (Frenkel) 


adjacent retina, 29 days after infection with a 
noneyst-producing line of Besnoitia jellisoni (pro 
liferative forms are present only). Note chorio 
retinal adhesions. (Hamster |-53-63 sulfadiazine 
treatment for 21 days. «44. Periodic acid-Schiff 


followed by hematoxylin.) 
(OCULAR LESIONS ASSOCIATED 
BeSNOITIA INFECTION 


CLINICAL FINDINGS 


Uveitis was of common occurrence carly 


in the course of Besnoitia infection with 


noncyst-producing strains. As early as two 


weeks after infection and even while on 


sulfonamide therapy pigmented cells ap 
peared in the anterior chamber and the clear 
black fundus reflex became first hazy and 
This sequence took 
rapidly, within less than a week 
With cyst-producing strains the first ap 


pearance of cells in the anterior chamber may 


then white. place 


occur later during infection and proceed 
more slowly; retinal vessels may remain 
visible for over a week especially when the 
retina has been detached. Eventually, the lens 
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became opaque gray, and later a white or 


yellowish cataract was formed. Although 
both eyes freque ntly become involved at the 
same time, the lesions may appear inde 
pendently of each other and each may pro 


gress ata different rate 


INCIDENCI 


Hamsters infected with noneyst produc 
ing strains of Besnoitia showed greater than 
50-percent eye involvement within a month 
After hardly 
remained univolved. With cyst-producing 


two to three months an eve 
strains the rate of appearance appeared to be 
only slightly slower. In one experiment 18 
out of 26 eyes of 13 hamsters showed signs 


of inflammation after two months 


Fig. 11 (Frenkel). Cyeclitis with proliferative 
forms of Besnoitia in the epithelial layer. Hamster 
1-54-5, 36 days after infection, 15 days after cessa 
tion of sulfadiazine therapy. (1200. Hematoxylin 


eosin.) 
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e ganelor laver of the retina (1) and om the 


nt epithelium. Hamster 1-54-54 


itoxylin-eosin. ) 


retina pts 
(#130. Hen 
FORMS 


LESIONS PRODUCED BY PROLIFERATIVI 


By using strains of Besnoitia which had 


lost the producing cysts, the de 


pe wer ot . 
studied 


velopment of such lesion could be 


There were nine eyes w ith an essentially nor 


mal retina accompanied by iridocyelitis (fig 
10). 

In some of these eyes Besnoitia were 
numerous in the epithelium of the eihary 


(fig. 11). The stroma 


infiltration and disorganization of pig 


body howed lympho 
cyvti 
ment. The iris contained a few lymphocytes 
There were cells in the anterior and posterior 


chambers occasionally containing organisms 


In four eyes, 17 to 37 days after infection, 
the ciliary body was partially necrotic and 
heavily inflamed with minimal retinal 


changes except in the adjacent pars plana 
l'rom the ciliary body, Besnoitia, accom 


panied by inflammatory exudate, spread 


posteriorly along two routes. First they ex 


exudate 


20 days 


(A) with proliferative forms of Besnoitia spreading along the vessels in 


) between external limiting membrane and 


after infection, on sulfadiazine for entire period 


tended along the vessels in the ganghoni 
layer and on the retinal surface (fig. 12) and, 
secondly, between the external limiting and 


12 and 13) 


spread was associated 


Bruch’s membrane (figs 

The second type ol 
with a sometimes massive cellular exudate 
composed of what appt ared to be me utrophil 


macrophages, ol 


membrane 


vranulocytes and 


which contained organisms exudate 


dissected along Bruch’s generally 
leaving it intact, but detaching eventually the 
entire retina (fig. 13) 

Starting with the outer nuclear layer, the 
became more and more 


retinal lamination 


disrupted and organisms with inflammatory 
cells and epithelial pigment granules could 
(fig. 14) 


completely ne 


be found progressively in all layer 


Finally the retina became 
crotic., 
The choroid at the 


progressively more infiltrated with lympho 


same time became 


Fig. 12 (Frenkel). Cyclit 
— 
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Fig. 13 (Frenkel). Further di 
cyclitis is far advanced 


treatment. (15. Hematoxylin-eosin. ) 


cytes and later with plasma cells, and pos 
sibly more pigment developed. Bruch’s mem 


brane frequently was found destroyed 


focally later during the necrotizing inflam 
matory process ; however, neither organisms 


nor necrosis was ever seen in the choroid 


proper 


(Frenkel). Proliferative forms ot 
from central retinal 


Arrows point to several of the 


Fig. 14 
Besnoitia 
left of Figure 13 
free organisms and to nucleus of 
four groups. (1200. Hematoxylin-eosin.) 


remnant of eye on 


1 cell contaming 


ection of the retina by exudate; 
the eye on the right, but almost destroyed on the left by proliferating 
Hamster ]-54-7, 37 days after infection, 16 days after cessation of sulfadiazine 


well preserved in 


Figure 14). Irido 


the retina is fairly 
fesnoitia (see 


remained essentially un- 


The 


involved 


sclera 
The exudate in the anterior cham 
ber increased, and so did the degree of iritis 
Fibrin deposits were frequently found on 
the lens, together with cells and fibroblasts 
developing into posterior synechias. The lens 
began to degenerate posterior to its attach 
ment to the ciliary body with the formation 
cells” 
breaking of the capsule 

The 
the vitreous 
literated 


of “balloon and later wrinkling and 


entire eye was shrinking in size; 


space frequently became ob 


with organization of the necroti 
retina, joming the choroid to the posterio! 


Phe body 


showed regeneration again cover 


lens capsule oliary epithelium 


yenerally 


ing the pigmented stroma ( fig. 15) ; however 


since fibroblasts were also attaching to the 
regenerated epithelial surface, its true epithe 


lial nature was in doubt 


[LESIONS PRODUCED AFTER INFECTION WITII 


CYST-PORMING STRAINS 


Sections of 18 eyes from 10 hamsters were 
available five to 11 weeks after subcutaneous 
Five of the had 
identified in the 
(out ot 


infection animals been 


autopsied and cysts were 


viscera and sometimes in the eye 


eight enucleated eves, two were semiseriall) 


sectioned. Two cysts were found in one eve 


and in both serially sectioned eyes small 
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te 
= 


5 (Fret of cells 


s attacl 


kel) Reygener 

erating Besnoitia are 

wn in the vitreo 


ng first 21 day ( 


numbers of proliferative organisms 


While the lesi 


animals 


were 
identified 


the 


1) appeared 


of were on high doses of sul 


fadiazine which cause ome inhibition of 
organisn 


The le 
those 


al multiple ation 


sions in these eyes differed 


produced by proliferative Besnoitia 


focal 
The 
observed in only two ey 

both, the cilary-body 


part of a necrotizing endophthal 


lirst, the necrotizing lesions were 


in nature, and, se 


latter |e 


ond, cyclitis Was rare 


ion Wa 
and, in and 


iris 


Was 
mitis 

how 
of early eye involvement, we 
the the 


of 


rhe focal lesions, ever, characteristic 


always near 
The 


an 


re 
post riot 
the 


retinal 


pole ol eve centet! 


sion was formed by area of 


rosis accompanied by subretinal 


edema and cellular exudate consisting of 


neutrophil granulocytes, lymphocytes, and 


macrophages (figs. 16 and 17). In only two 


ent in the 
pace 


Hen 


he inflamed 
s (1)) and a 
Necroti 


iftter infection; 


(arrow) 
(IF). Hamste 


itoxylin-eosin. ) 


of these foci were proliferative organisms 


found 

An inflammatory vesicle was often formed 
in the retina involving the pigment epithe 
Bruch’s focally de 
stroying both & noilia cysts appears d to be 
located in the pigment epithelium layer (figs 
18 and 19) All cysts In 


instances the Wa 


hum and membrane, 


seen were intact 


som choriocapillaris 
necrotic. Away from the center of the vesicl 
part of the retina was preserved 

of the dissected 


Bruch’s and the external limiting membrane 


exudate between 


Sone 
short distance, chorioretinal 
The 
granulon 

othe 


The sclera 


lor a forming 


adhe choroid Was 


infiltrated by 
ytes and 


the 


neutrophil lymphocyte 
neiyhborhood of 


howed 


plasn at 


retinal lesion light in 
flammation 


he 
i] 


rOsis, Castty 


of the retina uninvolved by 


part 


nes eparated from the choroid 


215 
ciliary body st to epithe 
= 
| 


216 IK 


FRENKEL 


Fig. 16 (Frenkel). Large 


lesion was between six and seven weeks after infection with a cy 
of proliferating 


found in the eye and small numbers 


was treated for two weeks after infection, untreated for 
acid-Schiff 


12 days prior to enucleation. (x4 Periody 


during the process of fixation and dehydra 


tion. Here cellular infiltration was moder 


ately severe to marked, especially perivascu 


inflam 


Fig. 17 (Frenkel). Chorioretinitis with 


matory vesicle forming mainly on one side of the 


optic nervehead. The anterior segment ts barely 
involved. Hamster |-54-63, six weeks after imiec 
tion with a cyst-producing line of Besnoitia and 


treated with sulfadiazine for the first two weeks 
(x44. Hematoxylin-eosin.) Figures 18 and 19, 
showing cysts, are from the same eye. 


focus of necrotizing retinitis on one 


ide ot the optx nervehead. Onset t the 
however no cysts were 
fesnoitia accompanied this lesion. Hamster |-54-64 
25 days, and again treated with sulfadiazine tor 


followed by 


t-producing line ; 


hematoxylin. ) 


larly. Some of these cells resembled microglia 
more than hematogenous cells, The anterior 
segment was involved only by contiguity and 
a few cells were usually present in the an 
terior chamber 

Repair of the necrotic retina was by hbro 
sis when arising from the choroid, and by 
yliosis if retinal tissue was remaiming (lig 
20). The epithelial-like lining of the ciliary 
body regenerated, likewise Detached retina 
that had become adherent to the lens showed 
degeneration of the outer nuclear layer Thi 
lens showed degenerative changes and inva 
sion by rophage Ss 

Besnoitia cysts persisted in the fibroti 
21 and 22) 


instance proliferative organisms were found 


retinal scar tissue (figs In one 
to parasitize the lens epithelium (fig y 
they were also present in several macro 


phages within the lens, but not elsewhere 
DISCUSSION 


A pattern of pathogenesis suggests itself 
despite differences in design of some ot the 
experiments from which infected eyes were 


studied. 
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of chorioretinitis as 
(arrow.) The cyst 
Bruct 
(l)) a tew proiiter 


recall at the outset that 


well 


hamster 


It is to 


in the studied both infections gave 


to ocular lesions at a time 


the 


rise when lesions 
extraneural 


ally ti 


viscera were regressing 


in 


This Was espec ue ol toxoplasmosis 


where eye lesions made their appearance, 
ot encephali 
Che latter 


sulfadiazine 


sometimes together with yrs 


tis, months after imitial infection 


had 
from 


During Besnoitia infection eye lesions ap 


until 
death 


been treated with 


was adequate to prevent 


extensive visceral le 


peared earlier, sometimes when visceral 


lesions were at their peak. But it was clear 


that not a regular 


that it 


invasion of the eve was 


lagged 


of 
the 


feature acute imtection 


behind parasitization of other organs 


membrane (UB) pass beneath it. The 


19 is also fron 


AND BESNOITIA 


shown in Figure 17 with retinal inflammatory vesicle 
to lie in the pigment epithelial layer 
choroid ( 


ent. (1 


since some 
) is inflamed. In 


(Hamster |-54 


pear 


ve De ) Lens 


this eye 


are 


pre 


and, most important, that organisms con 


tinued to proliferate and give rise to lesions 
they did in the other 


in the eve long after 


viscera, excepting the adrenal gland 


POXOPLASMOSIS 


larly in toxoplasmosis eye lesions, when 
they occurred, were predominantly necroti 
in character destroying large sections of the 
organisms were found 


retina, Proliferative 


ne such lesion was observed three months 
the 


months after challenge 


other was two 
with the RH strain, 


which is of different pathogenetic potential 


after infection; 


seen 


than the CJ strain of the initial infection 
the 


everal months, I 


for 


can bn produced by 


infection has persisted 
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Fig. 18 (Frenkel). Close-w 
(A) and ung Besnoitia « 
of the fibr ciginatineg fros 


young Besnoitia cyst 
layer 


Another 
the 
is well 
the vacuole contaiming 
Both choroid (A) and 
(Hamster ]-54-63. «960 
and 18 are 


19 (Frenkel) 
situated im 


Fig 
apparently 
The 


vesicular 


retinal pigment 
shown, also the giant 


the 


heavy cyst wall 


nuclei and 
crescent 
retina (B) are inflamed 
Figures 17 


organisms 


Hematoxylin-eosin. ) also 


from this eye. 


proliferative forms as well as by cysts. Al 
though both forms of the organism might be 
present, lesions appe ared to be caused by 
only one or the other. 

Several eyes showed the presence of intact 
Toxoplasma cysts, and, although no ruptured 
cysts were found, such are postulated to ac 
count for the lesions. 

The similarity to the brain lesions in the 
suggestive; the apparent 
the 


animals is 
of the 


same 


origin lesions im retina where 
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cysts are present, the chronic nature of the 


retinal lesions both as regards degenerative 


} 


changes and the absence of acute inflamma 


tory cells, and their widespread distribution 
foci these all favor 


suggesting multiple 


the interpretation that an occasional rup 
tured cyst gave rise to these lesions 
The number of cysts in the retima ts 


the wall 
Only the 


antigen incident to cyst rupture can explaim 


limited, and intact cyst prevents 


chemotaxis sporadic release of 


such necrotizing lesions followed by vesicle 
formation and gliosis in an eye in which 
cysts were present but proliferative organ 
isms could not be demonstrated 

In the eye in which proliferative Toxo 
plasma were observed 10.5 months after im 
fection, no cysts were found on semiserial 


he ke 


organisms 


sectioning sion was single, focal, and 


acute, with present only im or 
around the lesion. Many individual groups 


The 
their 


of parasites were seen destruction of 
host cells, 


products, the liberation of antigen, and of 


individual breakdown 
organisms entering new cells, all participate 
in the production of this lesion 

It Is difficult to decic 


whether this lesion was 


with certaimty 


focal initiated by 


proliferating Toxoplasma reaching the ret 


} 


ina via the blood stream, or by cyst rupture 


with the liberated organisms taking up pro 


liferation. Only incomplete retinal necrosis 


was observed ; nonetheless, the possibility 


exists that complete retinal necrosis, such as 
would be expected from the insult of cyst 
rupture, Was missed in the 7O-micron gap 
between sections 
The 


however, rather than of separation by edema 


presence of chorioretinal adhesions 


fluid, attests to a slowly progressing lesion, 
such as might be anti ipated to result from 
slowly proliferating organisms and not from 
the sudden and massive antigen release due 
to cyst rupture 

The fact that proliferative organisms were 


not identified in lesions, and hence were 


probably absent when lesions occurred to 


gether with cysts, might indicate the in 
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Fig 20 (Frenkel) Repair { lesions by ghosis (B) adjacent to retinal remnant ( A), and by fibrosi 
) next to area shown mat | choroiditis. Next to the ciliary body (D) is an area of subretinal 
norrhage. Note degener lens (EF), clinically ev yravish-whit itaract. The vas 
ilar sclerosis (F) in the id is an effect of a desoxycortix one impl ent for nine weeks 
Duration of infection: 11 weet (Hamster P-129. DOCA-3. «x: Periodic acid-Schiff followed by 


hematoxylin. ) 


ability of Toxoplasma to proliferate in that lesions in lung, liver, and spleen, for ex 
host. When proliferation does occur, these ample, have regressed and healed two to 
proliferation-inhibiting factors are appat three months after infection 
ently inoperative \ttention has been drawn*®'® to the per 
It makes a useful concept, consistent with — sistence of cysts in the eye as an important 
presently known facts, to explain the early feature in the pathogenesis of toxoplasmosis 
proliferation in the eye as due to lack of The antigen released from cyst rupture ap 
local immunity, the later chronic chorio pears analogous to the intradermal antigen 
retinitis associated with cysts that rupture injection in an immune-hypersensitive host 
as due to an essentially chemical inflamma The late appearance in the eve of toxoplasmi 
tion in an immune-hypersensitive host, and proliferation is paralleled in hamsters by a 
the late focal lesions associated with pro similar process frequently taking place in 
liferative forms as due to a reduced immune _ the adrenal gland. A correlation of these two 
state in the eye lesions im the same animal has not yet been 
It has previously been discussed** that the — made 
immune processes in the neuro-ectodermal In chorioretinitis of human adults accom 
derivatives of brain and eve lag behind panied by the Toxopla mia-like parasites dis 
those in the extraneural viscera. Hence, it covered by Mrs. Wilder, both cysts and 


Is not surprising to find in hamsters that proliferative forms have been described.” 


brain and eye lesions are still active when since loxoplasma has actually been isolated 


(CD ! 
ly 
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21 (Frenkel) Advanced chorioretinal 
changes and repair by fibrosis, with two older 
fecnoitia cysts (arrows). Hamster 54-20, 11 weeks 
after infection. (15. Periodic acid-Schiff fol 
lowed by hematoxylin.) Figures 22 and 23 are 


from the same eye 


from one such eye,"® there can be little doubt 
of the previous morphologi identification 
in some 50 cases,"' which were characterized 
as a group also by the presence of antibodies 
to Toxoplasma measured by the dye test in 
all of the patients tested." 

The Mrs. Wilder 


from the eves of man" correspond in gen 


lesions described by 


eral to the lesions observed during the 
chronic infection of the hamster, especially 
those associated with proliferative forms 
lhe relative role played by cysts and pro 
liferative forms in toxoplasmic chorio 
retinitis of human adults has not yet been 


defined. 


BeESNOITIA INFECTION 


Eye lesions due to Besnoitia in the ham 
first 


months of infection. In infections with pro 


ster occur generally within the 
liferative Besnoitia, the lesion typically starts 
as cyclitis and spreads hematogenously and 
by exudation along Bruc h’s membrane to the 


posterior segment. Why the anterior segment 


three 
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is first involved here, whereas in toxoplasmo 
sis lesions appear to originate posteriorly, has 


not been elucidated. Both organisms have in 


common the production of ultimately com 
plete necrosis of the retina 

The pathogenesis of the focal necrotizing 
posterior pole retinitis associated with Bes 
noitia cysts has not yet been clarified. It 
might be initiated by the rupture of a cyst, 
just as has been discussed for Toxoplasma 
cysts whose apparent rupture le ids to the 
formation of an inflammatory vesicl 

Lesions due to Besnoitia cyst rupture are 
commonly found in the viscera of man) 
animals, since the thick cyst wall often pet 
sists until a granuloma is formed (fig. 23) 

The relative paucity of cysts in the eye and 
the unavailability, so far, of many complet 
serial sections probably accounts tor their 
not having been identified.* In addition, the 
relatively early appearance of these lesions 
would be compatible only with the rupture 
of small cysts, shortly after their formation 
which would make it difficult to identify thet 
remnants 
lesions and resultant 


Ocular ophthal 


moscopic opacities incurred earlier during 


infection (figs. 17 and 18) preclude ophthal 
MOscopi detection of lesions resulting tron 


persisting well-developed cysts (figs 21 and 


22) which might rupture later during the 


chronic phase of the infection 
Proliferative Besnoitia were found in the 


lesions discussed and may have persisted 


through the entire period of infection. How 
ever, their small number, the relative limita 
thon of the lesion to the posterior pole the 


formation of an inflammatory vesicle, as 


* Recently, cyst rupture has been observed in the 


retina of a hamster. It occurred six and one-halt 


months after infection. The large cyst which bulged 


ihove the retina had been under observation tor 
over three months. It was found to be obscured | 
vitreous exudate four days after a satistact 
visualization, Histologic examination of the et 
cleated eve « nfirmed the clinical diagnosis Lesion 
containing partially degener ited cysts, or merely 
remnants of cyst W ill have also been observed since 


this paper was submitted for publication These 


findings will be reported in detail 
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Fig. 22 (Frenkel). Old Be it yst almost filled with crescentic organisms and with two giant vesicular 
nuclei applied to inside « t wall (arrows). Fibrous replacement of retina (A), dispersal of pigment, 
degenerat of lens (2B), and part of posterior lens capsule (C) are al hown. (Hamster 54-20. «230 
Period 1-Schiff { wed hematoxylin.) Figures 21 and 23 are from the same eve 


well as the absence of hematogenous spread — likewise. However, Besnoitia is not known 
or of eyclitis, so typical of infection with to occur in man. In cattle from which both 
proliterative forms, all these make their infections have been described neither reti 
primary pathogenetic participation unlikely nitis nor blindness have been recorded 


When cysts rupture in extraneural tissues 
Llost AND TISSUE SUSCEPTIBILITY 


the parasites leak out, tain poorly, and 
become necrotic, being phagocytized, and Ihe peculiar susceptibility of the golden 
apparently do not enter new cells to resume hamster and the production of chorioretinitis 
proliferation. In the eye different conditions during the subacute and chronic infection 
may obtain, preventing complete neutraliza with these two organisms, appears notable 
tion of liberated organisms and allowing Although this has not been investigated in 
for some proliferative activity detail such lesions have not been observed 
In summary, cysts and proliferating Bes in most other animals under study. Only in 
noitia have been found in chorioretiniti pigeons has uveitis been observed with sub 
lesions during late chronic infection, just as acute Toxoplasma infection.’ Paradoxically 
in toxoplasmosis, and adrenal lesions due in that host, choroid, sclera, and extraocular 


to proliferative Besnoitia have been observed muscles were involved by infection with the 
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Fig. 23 (Frenkel). Proliferative 


Besnoitia parasitizing lens epithelium (A), 


probably the only 


which 1 


ectodermal tissue remaining in this eye. They were also present in several macrophages from the posterior 


pole of the lens, similar to those shown on Figure 22 
(320. Periodic acid-Schiff followed by hematoxylin. ) 


(DU) Iris. Hamster 54-20, 11 weeks after infection 
Figures 21 and 22 are from the same eye. 


RH strain, whereas the retina was not. The 
absence of blood vessels from the retina of 
pigeons may explain that circumstance. 

Tissue sensitivity has previously been dis 
cussed in relation to the peculiar prolonged 
susceptibility of neuroectodermal over other 
tissues. This is thought to be due in part to 
the blood-brain barrier restricting the per 
fusion of plasma protein containing anti 
body, and in part due to the less active cel 
lular defense mechanism in the brain and 
eye. 

More specifically, it is the neuro-ectoder 
mal retina and the ciliary body epithelium 
which are parasitized by either organism, 
whereas the meningeal equivalents, choroid, 
ciliary body, supporting stroma, and iris, 
show inflammatory involvement by contiguity 
only. 

Lymphocytes and plasma cells are the pre 
dominant cells present; only in the case of 
presumed cyst rupture with intense focal 
necrosis are what appeared to be neutrophilic 
granulocytes seen in the iris and choroid, 


parts of which are necrotic in these instances. 


(B) Lens capsule. (C) Anterior capsular cataract 


Micro-organisms are also found in cells 
within the anterior and posterior chambers 
and the vitreous. 

The parasitization by proliferative Bes 
noitia of the lens epithelium, after it has be 
come accessible following rupture of the lens 
capsule, presents an interesting phenomenon 
This 

sesnoitia cysts, 11 weeks after infection. All 
had 


with organization 


was observed in an eye containing 


neuro-ectodermal structures been cle 
stroyed in that eye, 
curring from the mesodermal derivatives of 
the choroid. 

Since the lens epithelium and the macro 
phages within the lens were the only cells 
parasitized, one wonders whether these were 
that 


Their separation from antibodies due to the 


the only cells remained susceptible 
blood-brain (eye) barrier could account for 
the local status of immunity 

Repair is by gliosis if originating from the 
retina, and by fibrosis when extending from 
the choroid. Notable is the apparent process 
of regeneration of an epithelial-like covering 


of the pigmented ciliary body stroma. Since 


FOXOPLASMA 


cells tend form an epithelial-like 


the se to 
pattern and contain pigment in some areas 
they may be thought of 


lanophores 


as neuro epithelial 


(LOM PARISON ol HAMSTER AND HUMAN 


TOXOPLASMOSIS 


The usefulness of these two models of in 


tection in the hamster depends on the ce 
monstration that proliferative organisms as 
well as cysts of each organism may occur in 
the retina during the course of a generalized 
subacute and chronic infection. Furthermore, 
pathoge nesis of the lesions appears to differ 
according to what growth form or forms of 
each of the are present 


Phese 


broaden 


organisms 


models of Intection therefore 


our concepts ot the possible patho 


genesis of chorioretinitis in man which we 


know 


adults 


from the histologic studies of 
nsively involved, whether 
babies It 


that we 


mainly 
ext from 


or newborn brings into 


clearer focus the possibility may en 
counter clinically patients with chorioretinitis 
due to recurrent cyst rupture as well as due 
to a smouldering infettion with proliferative 
torms of Toxoplasma 

Since no drug is at present available that 


will eradicate Poxoplasma cysts, we can only 


aim to minimize the tissue damage following 


cyst rupture whenever it occurs. Desensitiz 


ing immunization prophylactically and gluco 
corticoids therapeutically appear as the logi 


cal approaches, the rationale for which has 


been discussed." Prolite ratiny loxoplasma 
are suppress d by appropriate che motherapy, 
with synergistic combinations of sulfadiazine 


and Daraprim (a 2 


+-diamino pyrimidine 


Wellcome 
Co.) appearing as most promising."* 


The these 
ment 


manufactured by Burroughs 


evaluation of modes of treat 
the 


for 


animal models described is a 


further 


in 


problem investigation. Eye 
lesions in chronic toxoplasmosis of hamsters 


were not met frequently enough in recent 


experiments, although another strain of 
Toxoplasma, adaptation to the eye, or, less 


likely, a different line of hamsters might 
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Fig. 24 (Frenkel). Granulomatous inflammation 
resulting from rupture of three cysts (arrows) in 
permatic cord of mouse. Intact cysts are unac 
ompanied by inflammatory reaction. Mouse 50-282, 
two months after intraperitoneal inoculation (%« 130 


Periodic acid-Schiff followed by hematoxylin. ) 


yield a suitable model for immunizing, 


hormonal, and specific chemotherapeuti 
studies 
Intraocular inoculation of immune ham 
sters or rabbits may provide a more repro 
ducible model to study treatment of infection 
Very little is 


known about the immunologic aspects of 


with proliferative organisms 


chronic infection in hamsters as compared 
with man. Their natural immunity and ce 

fense mobilization potential is low and mor 

tality is close to 100 percent with a majority 
of strains of Toxoplasma. However, degrees 
of acquired immunity appear to be similar to 
that 


most strains 


in man, since chronic infections with 


are inapparent 
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In man we meet infection with apparent 
frequency but rarely clinical disease, hence 
the latter should be regarded as an unusual 
exception from the average host-parasite 
relationship, barring unusually pathogens 
strains or heavy inocula, Hence symptomatic 
chronic infection of hamsters with the un 
usually pathogenic RH strain might parallel 
to some extent symptomatic chronic infec 
tion of man with unknown strains 

Antibody titers in hamsters are higher 
than they are in human adults with ocular 
to 8 


mals with dye test titers of 1 :65,000. Human 


lesions; Figures 5 are from 


infants, six to seven months after infection, 
might, however, have antibody titers in this 
range of magnitude. No correlation is avail 
able between antibody titers and activity of 
eve lesions in either man or animal. 

endocrine in 


Comparative relationships 


man and animals need further study. 
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DIscuSSION 


Hecenor Foersrer: This contribu- 
tion by Dr. Frenkel is extremely interesting. When 
ever an organism is shown to have the potentiality 
of causing eye disease in animals, we must think 


of the possibility of it causing similar intraocular 
inflammation in the human eye. Besnoitia is some 


thing to watch out for in the future 
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STUDIES OF IMMUNITY IN EXPERIMENTAL HERPETI 
KERATITIS IN RABBITS* 


RaymMonp L.. Hatt, M.D.. Rutun G 


MacKwneson,. B 


A., AND H. L. Ormsry, M.D 


Toronto, Ontario 


Herpes-simplex virus infection of the 
cornea in man characteristically produces a 
superficial branching (dendritic) ulcer, 
corneal hypesthesia, and a mild conjunc 
tivitis. The benign clinical course of this 
lesion is thought to depend upon circulating 
humoral antibody, and in recurrent ulcers, 
upon fixed tissue antibody in the cornea, Oc 
casionally in adults, and frequently in chil 
dren, herpes simplex corneae occurs as a 
primary lesion in an individual lacking 
humoral antibody. In these cases the keratitis 
and secondary conjunctivitis are usually 
severe, resembling the primary keratitis seen 
in rabbits following corneal inoculation with 
the virus 

The mechanism of immunity in herpes 
simplex infections of the cornea is not clear 
Braley' believes that humoral immunity is 
relatively unimportant in corneal herpes, and 
that local tissue immunity plays an important 
part in recovery from infection and in pre 
vention of recurrences 

There are several interesting reports of 
experiments on corneal immunity using for 
eign proteins. Thompson? and co-workers 
injected egg albumin into rabbit cornea and 
demonstrated that could be 
formed in the corneal stroma. Thompson and 


Olson® injected hen ovalbumin in to the right 


prec ipitins 


cornea of a rabbit and human serum albumin 
into the left. The respective corneal tissues 
contained only antibodies against the anti- 
gens with which each had been injected. 
Bursuk* injected typhoid bacilli into rabbit 
cornea that and 
opsonins appeared in the corneal tissues 


and found agglutinins 
earlier, and in greater concentration, than in 
the serum. 
Moro® studied corneal immunity in vac 
*From the Departments of Ophthalmology and 
Bacteriology, University of Toronto 
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cinial keratitis by means of keratoplasty. In 


his experiments he grafted corneas from 
normal to immune animals and attempted to 
reinfect the grafted eyes. There was no 
evidence of infection following reinoculation 
He also grafted corneas from immune to 
normal animals and found that the corneas 
could be infected as readily as the nongrafted 
eyes. He concluded that the immunity result 
ing from vaccinial keratitis was systemic in 
type rather than of the cornea alone 
Loewenstein"? conducted experiments on 
corneal immunity in herpetic keratitis in the 
rabbit. In his experiments the previously in 
healed was immune to 


fected eve when 


with 


inoculation herpes-simplex 


further 
virus. The interval between inoculations was 
not stated. 

Doerr and Vochting* inoculated the second 
cornea of eight rabbits with herpes-simplex 
virus at intervals between 15 and 30 days 
after primary inoculation of the first cornea 
In these animals the reaction in the second 
cornea tended to be less severe and the in 


The 


workers did not record any observations of 


cubation period slightly prolonged 


the comparative residual scarring in the two 
eyes. 

Florman and Trader® reported that a high 
level of humoral antibody appears in rabbits 


within three weeks of corneal inoculation 
with herpes-simplex virus. The level of anti 
body determined in their experiments 


reached its peak in six weeks and no drop 
was noted within nine weeks 

Since humoral antibody and local tissue 
immunity are considered to be important 
factors in preventing recurrence and in 
recovery from herpetic infections in the 
human cornea, a further study of this prob 
lem, using rabbit cornea, has been under 


taken 
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I. SEROLOGIC STUDIES 


In order 1 the ot 


cle vree 


humoral munity from 


al primary 
bled be 


intervals 


herpetic keratiti were 


fore moculation it monthly 


thereafter erologi tudies were carried 
out by the neutralization technique described 
by Ruchman 
lating the LD 
From Chart 


in the rabbit 


The Karber method of caleu 
was used! 


that serum antibody 


Wwe see 
had reached a high level by one 


month after primary inoculation, reinocula 


tion did not increase the antibody. and the 


RPETIC KERATITIS 


for at least two 


These 


re ported 


level was marntamed 


months after the second moculation 


values were comparable to those 


by Florman and Trader 
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tudy the effect of immunity resulting 


herpetic keratitis in rabbits 


upon remoculation of the same cornea, 66 
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ettect 
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Chart 2 (Hall, MacKneson, and Ormsby). Reaction of reinoculated eyes 


immune animal, 22 rabbits, which had re 
covered from a primary herpetic ketatitis in 
the right eye, were inoculated in the left 
eye after intervals of four, eight, and 22 
weeks. 

From Chart 3 we see that a typical pri 
mary type of keratitis developed in almost all 
the eyes despite the presence of a high level 
of humoral antibody. However, the degree 
of residual corneal scarring in these eyes 
was much less than that resulting from pri 
mary herpetic keratitis 


IV. Srupies OF IMMUNE CORNEAL 
IN NONIMMUNE ANIMALS 


GRAFTS 


In an attempt to determine the effect of 
tissue immunity in the absence of humoral 
antibodies, full thickness corneal grafts were 
taken from 20 eyes which had recovered 
from a primary herpetic keratitis, and trans- 
planted into the corneas of nonimmune 
rabbits. Eight nonvascularized grafts were 
reinoculated four weeks after transplant. 

Gross observation, slitlamp microscopy, 


and histologic study of these grafted corneas 


failed to show any significant difference in 
the degree of keratitis between the graft and 
the host cornea. It will be seen from Chart 


4, that seven of the eight eyes developed 
keratitis 


V. STUDIES OF NONIMMUNE CORNEAL GRAFTS 


IN IMMUNE ANIMALS 


To study the effect of combined humoral 
and adjacent tissue immunity on transplanted 
rabbit cornea, 20 full-thickness corneal grafts 
were taken from nonimmune eyes and trans 
planted into healed corneas which had re 
covered from a primary herpetic keratitis 
Four weeks after transplant 10 nonvascu 
larized grafts were inoculated with herpes 
simplex virus. Following gross and slitlamp 
observation of these grafted corneas, the 
eyes were enucleated for histologic study 
on the fourth day. 

In Chart 5 it will be seen that the inflam 
matory reaction was minimal in both the 
graft and the host cornea. This was similar 
to the previously observed effect of rein 


oculation in healed eyes. 
DISCUSSION 


From these experiments it is clear that 


circulatiig antibody, in the rabbit, plays a 
small but important part in reducing the 


severity of herpetic keratitis. This is demon 
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Chart 3 (Hall, MacKneson, and Ormsby). Reaction of inoculated left eves 


Fig. 1 (Hall, MacKneson, and Ormsby). (A) Host cornea (nonimmune) (BE) Corneal graft CGammune) 
rhese two microphotographs show the presence of herpetic inclusion bodies in the epithelial cells of both 


graft and host cornea. 
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Chart 4 (Hall, MacKneson, and Ormsby). Inoculation of gratts immune to neon 


Fig. 2 (Hall, MacKneson, and Ormsby). ( A) Host cornea (immune). (B) Corneal graft (nonimmune ) 


These microphotographs show the absence of typu il herpetic inclusion bodies in the epithelial cells of 
both graft and host cornea 
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Reaction 
(Table II) 


strated by the reduction in residual searring 
which occur hen the econd eye of a 
rabbit moculated the ru itter the 
first eve has recovered fre 1 primary 
herpetic keratit 

Local defense mechar ipparently play 
the mayo ole in reducn the severity of 
herpetic kerat | clearly demon 
trated upon reinoculation of the eves which 
had recovered fro primary keratitis 


Whether this tissue nuit due to tixed 


intibodies or to the presence of latent virus 
mothe cormmea the illed interference 
phenomenon not clear at thi tirnie 

he tailure of Ine Cornea to retain it 

unity when transplanted into a non 
mnune host and the ability of 
cormmea to acquire unity when itis tran 
planted into an immune eve is of practical 


importance in keratoplasty particularly in 
regard to the tran plantat on of human 
cornea with herpetic carriny I he explana 
tion for this observation is not clear. but it 
seems po sible that there 1 iv be a replace 


ment of the cells im the donor cornea by 


those of the host 


SUMMARY 


Primary herpetic keratitis in the 


rabbit resulted in a high serum antibody 


Primary 
or Inoculation 
Greft Reaction 


ithom ot wrafts noni ne towne nie rea 


titre by the fourth week following inocula 
tion. Reimfection did not produce any in 
crease im humeral antibody Ihe high anti 
level persisted for at least thre 
month 

2 \fter reco el Pron prvary kera 
titi remoculation of the comea re 
ulted in reinfection in 42 percent of the 
commen majority of these Intection 
were ot a mild I he remaming per 
cent of eve did not show evidence of re 
infection 

5 Inoculation ot the cornea ot the second 
eves which were protected by humoral im 
munity alone resulted in a keratiti typical 
ot the primary reaction but the re 
carring of these corneas was | marked 
than in the first eves Which had recovered 
trom a primary keratitis 

+. Previously imoculated corneas trans 
planted into nonimmune animals did not re 


tain their immunity to the viru upon re 
moculation Nonimmune cornea trans 
planted into” previously inoculated eyes 
wquired the immunity of the recipient eye 
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To me, this is a most 


a while | 


De. Brarey 
fascinating study, since tor quite 
that the lo« al antibody im the cornea 
important as lar as 


was ol 
the opimon 
was extremely reinfection 1s 
concerned 

While it is not directly that 


and human beings can be compared as far as herpes 


analogous rabbits 
infection is concerned, I believe this study will lend 
a great deal of support to some ol the theories that 
we have expounded for some little time 

We still do not understand the entire mechanism 
of immunity in herpes, and the role played by the 
circulating antibodies certainly has been minimized 
in the human being in comparison to the rabbit. As 
has been pointed out here today, in the rabbit the 


circulating antibody seems to play a rather impor 
tant role, since reinfection of the second cornea 
was not as severe as the first imtection 

Although reinfection of the second cornea in 


the same rabbit did occur with fair regularity, re 
infection of the first cornea after healing did not 
occur with as great regularity, theretore indicating 
the presence of local immune bodies 

I had planned to report some of the work that 
well a 
man 


might not be too 
quainted with, namely, that of Medawar, a 
who did work on a strain of inbred rats, in which 
he attempted to transplant rat skin from one area 


perhaps some of you 


to another 

As all of you know, 
transplanted (particularly skin) will die. Trans- 
plantation of identical twins or autogenous tissue, 
of course, lives very readily. One can develop a 
strain of rats that is so completely inbred that 


homologous tissue when 


transplanting of skin from one rat t another rat 
will take place deatl Then, by tak 
ing an outside series that ts not inbred, it is impos 


without any 


sible to transplant those rats 
Where is all this getting us 
differentiation 


It is getting us to 
the source ol between local anti 
bodies and general antibodies and circulating anti 
bodies. From this work it indicated that the 


source of the local antibody was not trom the local 


was 


tissue itself, but was probably from the lymph node 

1 have wondered how the local antibodies could 
get from the lymph nodes into the cornea. As tar 
as I know, there is no way in which the cornea can 
develop antibodies except trom the local histiocytes, 
if such is possible 

Herpes simplex, as you all know, ts probably 
one of the diseases, and the im 
to herpes in the should be 


One of the methods of study 


most mnportant 


munity human being 


studied considerably 
transplant 


with corneal 


Maumenec 


ing this, of course, 1s 
However, | spoke to Dr 
and from his work and 
would appear that the host cornea contributed to the 
the develop 


this mormng, 
from other indications it 
graft and therefore might 
ment of infections in the cornea 


In both 


cornea that was transplanted into a normal rabbit 


prevent 


instances, whether it was an immune 
or a normal rabbit cornea transplanted into an im 
mune animal, the new cornea would then take on 
the characteristics of the animal with which it was 
then living 

This has been a most interesting paper, and in my 
opinion it contributes to the theory and knowledge 


of our work with herpes simplex 
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I would like to congratu 
rk, whicl 


JaMes H. ALLEN 
ce of wi 
lear the contusion 

about the immunity herpes intections 

of the cornea 

Actually, from the theoretical standpomt the im 
munologist could have predicted these results from 
the clinical reactions we see. However, for the 
definite, experimental 


though limited 


first time, | believe, we | 
of circulating 
proot 
longed local resistance was 


Ve lue, 
antibody but I do not that there is any 
in the paper that the 


due to a local antibody effect 


proof of the 


From the clinical literature one gains the impres 


sion that the transplantation of corneal tissue into 
an eye 


likely 


transplant. Two ye 


has been infected with herpes simplex 


to be followed by a herpetic infection 


irs ago i had the untor 


tunate experience of having herpes-simplex intec 


patients in whom 


tions develop in the grafts of two {| 


corneal transplantation procedures 
The infections developed between four and 10 days 


I had performed 


following the operation In reviewing the history 


of the donor patients, there s no indication of 


herpes infections, theret tl rus must have 


heen present in the rect] ent'’s eyes 
I think it is in 
in the 


to correct the mmpression 


portant 
clinical literature that herpes-simplex infec 
not occur in grafted 

De. Henry F. Atten: | 
und Dr Allen 


very stimulating 


tion doe corneas 


wree with Dr. Braley 


authors tor a 
hich bears on the 


basic question « n between tissue anti 


body and hum 
Because ot th ut of this work 


it seems particularly want to strive tor 


exact parallelism in controls. | wonder whether 


authors have tran two immune cor 


from the same anima ‘ 1 rabbit which had 
heen infected on one nd whether they have 


The 


implications of such an experiment might be com 


lone the same corneas 


plementary to their previous observations 
Following the demonstration in 1948 by Heil, 
Allen, and Cheever ot the presence ot herpes neu 
tralizing antibody in gamma globulin, we tried the 
therapeutic effect of injecting gamma globulin into 
human patients with dendritic keratitis. Our results 
were disappointing 
We feel iat in 
im the later sequence ot developments in a cornea 


a primary dendritic keratitis, or 


infected with herpes, systemic injections of gamma 


ssible ex 


value. A px 


a cornea heavily vas 


globulin have no therapeuti 
ception exists in the case of 
cularized as a result ot 
The theorets 
the added blood supply serves to carry the antibody 


chronic or oft-repeated 


infections basis, of course, 1s that 


to the virus. We have had a few encouraging results 
in such cases 
administration of 


To determine whether gamma 


globulin systematically would be effective on a 
prophylactic basis, as suggested by Dr. Stone, would 
require repeated injections over a long period of 


time. In view of the variability of incidence of 
attacks of herpes-simplex keratitis, which we know 
can appear at intervals of six and even more years, 
the results would be extremely difficult to evaluate 
De Ray L. Hate (closing): On behalf of Dr 
Mrs. MacKneson, and myself I 
discussers for their very 
ibout this paper. Although the hour is 


would like to clear up a misconception re 


Ormsby, wish to 
thank the 
omments 
late l 


irding the 


informative 


results of one of our experiments 


which would seem apparent from the remarks of 


the discussers 


From our observations, we were not able to 


ittach great importance to the role of circulating 


humoral antibody. The only significant effect we 


could see was the reduction in residual corneal 


irring. The reaction of the cornea was in most 


instances very similar to that of a nonimmune eye 
tatement which | made may have « reated 
think that the results 


ire fairly clear in the written paper 


different umpression but | 


PENETRATION OF MAGNAMYCIN® INTO THE AQUEOUS 


HUMOR OF RABBITS* 


Hans R 


M.D., ano Hucu | 


Ormssy, M.D 


( With the technical assistance of Ingrid Munck) 


Toronto, 


antibiotic Magnamycin®™ is a 


The 


crystalline 


new 


monobasic substance obtained 
from products of the mold Streptomyces 
halstedii 


bacteria it 


Active in inhibiting gram-positive 
little effect 
organisms, The growth of Rickett 


has against gram 


negative 


sia and the larger viruses is inhibited by 
Magnamycin, properties otherwise only 
shared by the broad spectrum types of 


antibiotics 


Magnamycin does not have cross re 


sistance to other antibiotics of general use 
test 


only in a slow stepwise fashion 


and organisms become resistant to it 


' It is gen 
erally effective against those gram-positive 
bacteria found to be highly resistant to other 
antibiotics." In experimental animals the 
toxicity of Magnamycin has proved to be 
Clinically, it is an effective therapeutic 
agent in the treatment of infections caused 
by gram-positive organisms,” and has par 
ticularly proved its therapeuti value in the 
treatment of enterococcic urimary tract im 

The promising results obtained by Halh 
day and Ormsby* in the treatment of infe 


tious external eve diseases by topical ad 


ministration of Magnamycin ophthalmic 
ointment made a more detailed study of the 
antibiotic as applied to ophthalmologic prob 
The purpose of this investi 
the 


Magnamycin into the aqueous following ad 


lems desirable 


gation was to. study penetration of 


ministration by various methods 


In five groups of experiments, aqueous 


concentrations of the antibiotic were de 


® The trademark of Chas. Pfizer & Co. for the 
antibiotic, Magnamycm 


*From the Departments of Ophthalmology and 


carbomycin, 1s 


Bacteriology, University of Toronto 


Ontarvo 


termined after topical administration of two 


different ophthalmic ointments, after intra 


muscular and intravenous injection, after 


subconjunctival injection, and = after ad 
ministration by iontophoresis and by corneal 
bath 


undertaken to 


Finally a number of experiments were 


study the effect of Magna 
mycin in the treatment of intraocular infe 
tions. In all experiments rabbits were used 
as test animals 


Metruops AND MATERIALS 


The Magnamyein preparations used in the 
experiments were supplied by Chas. Phzet 
& Co., New York. The 
ing preparations were used 


Hydro« hloride 


containing 10 mg 


Brooklyn follow 


Ophthal 
Magna 


1. Magnamycin 
mic Ointment, 
mycin hydrochloride per gm 

Ophthalmic 


Magnamvyvein (Ointment, 


containing 10 mg. Magnamycin as the base 


gm 
3. Magnamycin Intravenous, 10 ml. vials, 
200 as the 


per 


containing my. Magnamycin 
hydrochloride 

Brand of Carbomyein 
use, 10 ml 
Maygnamycin as the sulfate 


Buffered Magnamycin, 20 


4. Magnamyecin 


for intramuscular vials, con 
taining 500 mg 

5. Diagnosti 
mi. vials, containing 20 mg. Magnamyein as 
the phosphate for standardization purposes 

In some of the experiments dealing with 
the of the 


biotic or 


subconjunctival imyection anti 


administration by tonto 


added to the 


with its 
phoresis, hyaluronidase’ was 


Magnamycin solutions in the manner speci 


* The hyaluronidase used was Wydase (lyoplu 
lized hyaluronidase manufactured by | W vet “ 
Brother Limited, Walkerville, Ontario, supplied u 
ampules containing 150 TR (turbidit reducing 


units) each 
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PENETRATION OF MAGNAMYCIN® 


fied below. Heparin* served as an antt- 
coagulant in the assay of plasma, 10 inter 
national units being added to each ml of 
rabbit blood. The animals were anesthetized 
by intravenous or intraperitoneal injection 
of Nembutal.’ In addition, or as an alterna 


tive, ether for anesthesia was used on oc 
casion 

For the removal of the aqueous, 0.25-ml 
with 27 gauge needles were 


vlass syringes 


found suitabl 

The 
carried out by using a 27-gauge needle on a 
0.50-ml 
fluid 


spectively 


subconjunctival injections were 


the total volume of 


vlass syringe, 


injected being 0.20 or 0.25 ml. re 


Iontophoresis was carried out with a lucite 


eyecup electrode similar to the one des« ribed 


by Selinger 

The 
plasma was assayed following a modification 
method de 


and 


Magnamycin in the aqueous 


of the twofold serial dilution 
scribed by Ramme lkamp,’ the medium being 
Hartley broth. The 
0.05 ml. of a standard culture of Staphylo 
coccus diluted 
1,000 or 10,000 times in the Hartley broth 


at 37°C. 


inoculum per tube was 


aureus (Peoria), usually 


The incubation time was 24 hours 
At the end of this period the tubes were in 
spected for the inhibition of gross turbidity 

In the 
was used in the treatment of experimental 
method 


experiments where Magnamycin 


endophthalmitis, von Sallmann’s'® 
was followed to produce a standard intra 


The 


was Staphylococcus aureus ( Peoria) 


ocular infection infecting organism 


1. MAGNAMYCIN—TOPICAL ADMINISTRATION 


As previously reported by Halliday and 


Ormsby," the repeated administration of 


ophthalmic ointment containing Magna 


mycin as the hydrochloride salt into the con 


* Produced by the Connaught Medical Research 
Laboratories, 1.0 ml. containing 1,000 international 
umits of heparin 

Pentobarbital 
Limited 


sodium Abbott Laboratories 


junctival sac of rabbits produced concentra 
tion leve!s in the aqueous ranging from 1.25 
These experiments were 
(10 


obtained 


to 5.0 pg. per ml 


repeated on five anmials eyes ) and 


similar results were 
Approximately 0.2 gm. of the omtment 
was administered eight times successively in 
to the lower conjunctival sac with an interval 
of 15 or 20 minutes between treatments, 


Table 1, 


tions up to 5.0 wg. Magnamycin per ml. of 


As can be seen from concentra 


| he AvVeTALE 


after 


aqueous were obtained aque 
emht 
15-minute intervals was 1.66 


at 30-minute 


ous concentration mm six eves 


treatments at 
pet 
intervals 


ml., and in four eyes 
2.81 pg. per ml 
con 


Magnamycin ophthalmic ointment 


taining the antibiotic as the base was tested 
on 24 animals (48 eyes). The experimental 
results obtained are also 


lable ] In 


concentrations 


conditions and 


presented in these tests no 


measurable were 


aqueous 
obtaimed, after 


Moderate conjunctival injection and _ slight 


even intensive treatment 
chemosis occurred regularly after treatment 
with either of the two Magnamycin oph 
thalmi 


difference was found in this respect 


omtments, and appreciable 


2. 


ADMINISTRATION 


The aqueous and plasma of a total of 36 
rabbits was assayed for Magnamycin after 
antibiotic by 


the animals had received the 


intramuscular and = intravenous Injection 


The 


aqueous and plasma obtained under varying 


Magnamycin concentrations in the 


experimental conditions are presented in 
Table 2 and Table 3 
When 


intramuscularly, and one single intramuscu 


Magnamycin was administered 
lar injection was given, aqueous and blood 
were removed either 90 or 120 minutes after 
the injection. Ninety minutes after a dose 
of 25 mg. Magnamycin per kg. of animal, 
the average aqueous concentration in eight 
eyes was 0.41 yg. per ml. and after a dose 


of 50 mg. Magnamycin the average aqueous 
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antibiotic Magnamycin®™ is a 


rhe 
crystalline 
from products of the mold Streptomyces 


new 
monobasic substance obtained 
halstedii. Active in inhibiting gram-positive 
it little effect gram 
negative organisms. The growth of Rickett 
inhibited by 


bacteria has against 


sia and the larger viruses ts 


Magnamycin, properties otherwise only 
shared by the broad-spectrum types of 
antibiotics 

Magnamycin does not have cross re 


sistance to other antibiotics of general use 
and test organisms become resistant to tf 
only in a slow stepwise fashion.’ It is gen 
erally effective against those gram-positive 
bacteria found to be highly resistant to other 
antibiotics.*" In experimental animals the 
toxicity of Magnamycin has proved to be 
low."* 

Clinically, it is an effective therapeutic 
agent in the treatment of infections caused 
by gram-positive organisms,” and has par 
ticularly proved its therapeutic value in the 
treatment of enterococcic urmary tract in 
fections.”’' 

The promising results obtained by Halh 
day and Ormsby" in the treatment of infec 


ophthalmic 


external eve diseases by topical 


of 


ointment made a more detailed study of the 


thous 
ministration Magnamycin 
antibiotic as apply d to ophthalmology prob 
lems desirable. The purpose of this investi 
gation the of 
Magnamycin into the aqueous following ad 


was to study penetration 


ministration by various methods 


In five groups of experiments, aqueous 


concentrations of the antibiotic were de 


® The trademark of Chas. Pfizer & Co. for the 
antibiotic, carbomycin, Magnamycin 
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termined after topical administration of two 
different ophthalmic ointments, aiter intra 
after 

ad 


ministration by iontophoresis and by corneal 


injection, 
after 


muscular and intravenous 


subconjunctival injection, and 
bath. Finally a number of experiments wer 
the eftect Magna 


mycin in the treatment of intraocular intec 


undertaken to study of 
tions. In all experiments rabbits were used 


test animals 


as 


Metruops AND MATERIALS 


The Magnamycin preparations used in the 
experiments were supplied by Chas. Phzer 
& New York. The 
ing preparations were used 

1. Magnamyecin Hydrochloride ¢ iphthal 
mi 10 Magna 


( Brooklyn, follow 


Ointment, contaming 


my 
mycin hydrochloride per gm 
(Ophthalmic 


Magnamyein Cuntment, 


containing 10 mg. Magnamycin as the base 


per gm 
3. Magnamycin Intravenous, 10 ml. vials, 
containing 200 mg. Magnamycin as_ the 


hydro« hlor ide 


Magnamycin—Brand of Carbomyem, 
for intramuscular use, 10 ml. vials, con 
taining 500 mg. Magnamycin as the sultate 

5. Diagnostic Buffered Magnamycin, 20 


mi. vials, containing 20 mg. Magnamyem as 
the phosphate for standardization purposes 


In some of the experiments dealing with 


the subconjunctival injection of the ant 
biotic or with its administration by tonto 
phoresis, hyaluronidase’ was added to the 


Magnamycin solutions in the manner spect 


t The hvaluronidase used was Wydase (lyoplu 
lized hyaluronidase, wufactured by |. Wyeth & 
Brother Limited, Walkerville, Ontario, supplied im 
ampules contaming 150 TR (turbidit reducing 


units) each 
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fied below served as an anti- 


coagulant 


Heparin* 
in the assay of plasma, 10 inter 
national units being added to each ml. of 
rabbit blood. The animals were anesthetized 
by intravenous or intraperitoneal injection 
of Nembutal.? In addition, or as an alterna 
was used on oc 


tive, ether for anesthesia 


Casion 

For the removal of the aqueous, 0.25-ml 
glass syringes with 27-gauge needles were 
found suitable 

The subconjunctival injections were 


carried out by using a 27-gauge needle on a 
0.50-ml. glass syringe, the total volume of 
fluid 0.20 or 
spectively 

lontophoresis was carried out with a lucite 


injected being 0.25 ml. re 


eyecup electrode similar to the one described 
by Selinger 

The 
plasma was assayed following a modification 
method de 


and 


Magnamycin in the aqueous 


of the twofold serial dilution 
scribed by Rammelkamp,’ the medium being 
Hartley broth 
0.05 ml. of a standard culture of Staphylo 
coccus aureus diluted 
1,000 or 10,000 times in the Hartley broth 
The incubation time at 37°C. 
At the end of this period the tubes were in 
spected for the inhibition of gross turbidity. 


The inoculum per tube was 


(Peoria), usually 


was 24 hours 


In the experiments where Magnamycin 


was used in the treatment of experimental 


endophthalmitis, von Sallmann’s'® method 
was followed to produce a standard intra 


The 


was Staphylococcus aureus ( Peoria) 


ocular infection infecting organism 


1. MAGNAMYCIN—TOPICAL ADMINISTRATION 
As previously reported by Halliday and 
Ormsby," the repeated administration of 


ophthalmic ointment containing Magna 


mycin as the hydrochloride salt into the con 


the Connaught Medical Research 
containing 1,000 international 


* Produced by 
Laboratories, 1.0 ml 
units of heparin 

Pentobarbital 
Limited 


sodium, Abbott Laboratories 


junctival sac of rabbits produced concentra 
tion leve!s in the aqueous ranging from 1.25 
to 5.0 ug. per ml. These experiments were 
(10 and 


similar results were obtained 


repeated on five animals eyes ) 


Approximately 0.2 gm. of the oimtment 
was administered eight times successively in 
to the lower conjunctival sac with an interval 
of 15 or 20 minutes between treatments. 

lable 1, 


tions up to 5.0 ug. Magnamycin per ml. of 


As can be seen from concentra 


The average aque 


after 


aqueous were obtained 
eight 
15-minute intervals was 1.66 
at 30-minute 


ous concentration m six eyes 


treatments at 

wg. per 

intervals 2.81 pg. per ml 
Magnamycin ophthalmi 


ml., and in four eyes 


omtment con 
taining the antibiotic as the base was tested 


on 24 animals (48 eyes). The experimental 


conditions and results obtained are also 
presented in Table 1. In these tests no 
measurable aqueous concentrations were 


obtained, after intensive treatment 


Moderate conjunctival injection and slight 


even 


chemosis occurred regularly after treatment 
with either of the two Magnamycin oph 
thalmic 
difference was found in this respect 


omtments, and appreciable 


2. MAGNAMYCIN~—-SYSTEM 


ADMINISTRATION 


The aqueous and plasma of a total of 36 
rabbits was assayed for Magnamycin after 
had antibiotic by 


and 


the animals received the 


intramuscular intravenous injection 


The 


aqueous and plasma obtained under varying 


Magnamycin concentrations in the 


experimental conditions are presented in 
Table 2 and Table 3 
When 


intramuscularly, and one single intramuscu 


Magnamycin was administered 
lar injection was given, aqueous and blood 
were removed either 90 or 120 minutes after 
the injection. Ninety minutes after a dose 
of 25 mg. Magnamycin per kg. of animal, 
the average aqueous concentration in eight 


eyes was 0.41 pg. per ml. and after a dose 


of 50 mg. Magnamycin the average aqueous 
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rABLE 1 


\or CONCENTRATIONS FOLLOWING PrOPICAL ADMINISTRATION 
Magnamycin 


Number of Time he Aqueous 
— No. of Lype of \ppli ations tween Last 
ates I ‘ Magnamycin and Interval Application Concentration Concentration 
lested Ointment between and Removal Range \verage 
Same of Aqueous py. / py. 
Do. Interval Minutes 
Kase 120 0.62 
2 6 Base 1 0.62 
4 Base 1 1.25 
4 10 Base x 15’ +5 0.62 
5 10 Base 15’ 0.31 
6 6 Base 15’ 0.62 
7 4 Base 0.62 
6a 6 Hydrochlorice » 15’ oo 1.25-2.50 1.66 
7a 4 Hydrochloride 60 1. 25-5.00 


concentration im four eyes was 0.62 pg per and the aqueous was removed 120 minutes 


mi. Injection of 100 mg. per kg. body weight after the intramuscular myection The 
produced an average aqueous concentration average concentration of Magnamycin in 


of 0.83 pg. per ml. m six eyes after 90 these six eyes was 1.66 pg 


minutes, and an average concentration 
0.93 in four eyes after 120 minutes In one 


of In brief, the Magnamycin concentration 
in the aqueous was about 40 percent of that 


experiment two animals received 10 minutes ot the plasma 90 or 120 minutes after a 


of shortwave treatment to both eyes, this single intramuscular myection of the ant 
treatment being initiated 50 minutes after biotic. 
the injection of 100 mg Magnamyein pet In the experiments where the animals 


kg. In these animals the average aqueous 
OO ~=fore the aqueous was removed, the Magna 


were subjected to shortwave treatment be 


concentration was found to be 1.08 pg 
the intramuscular myection mycin in the aqueous was above 
concentration found in the plasma 


minutes after 5) percent 
In a similar experiment three animals re of the 


ceived shortwave treatment of 15 minutes, Under the experimental conditions involved, 


also initiated 50 minutes after the injection shortwave treatment increased the penetra 


rABLE 2 


CONCENTRATIONS FOLLOWING SYSTEMIC ADMINISTRATION 


(Magnamycin as the sulfate —intramuscular injection 


lime Inter Pl 
val hetwee n \queous 
Experi No No. of Injection and 
Concen Concen Concen C oncen 
ment Animals Eyes  (mg./kg.) Removal of 
Aqueous tration tration tration tration 
4 25 90 0.31-0.62 0.41 0.62-1.25 1.09 
2 2 4 sO 90 0.62 0.62 1.25 1.25 
; ; 6 100 90 0.62-1.25 0 RS 1.25-2.50 » O8 
ta (SWI) 2 100 90 0.62-1.25 1.08 1.25-2.50 1.87 
4 2 4 100 120 0.62-1.25 0.93 » SO 2.50 
4a(SW2) ; 6 100 120 1.25-2.50 1.66 1.25 5.00 > 30 


started 50 minutes after imyection 


SW 1—10 minutes shortwave treatment to both eyes 
started 50 minutes after injection 


SW 2-15 minutes shortwave treatment to both eves, 
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rABLE 3 
\oUROUS CONCENTRATION FOLLOWING SYSTEMIC ADMINISTRATION MAGNAMYCIN 
THE INJECTION 
lime Inter \queous Plasma 
val between 
No N { ] Iniection and Concen oncen C oncen Concen 
ment \nimal hve me. Removal of tration tratwon tratoon tration 
\queous Range \verawe Range \verawe 
6 5 0.62 2.50 1.37 >So 5.0 5 
15 0. 62-5 .00 1.98 so -10.0 7.5 
) 100 
6 ) j 100 5 1.75 5.00 » 9] 5.0 00 12.§ 
7 ) } 100 
; +5 5.00 10.0 20.0 16.6 
tion of Magnamycin into the aqueous results obtained under varying experimental 
In all experiments where Magnamyem condition 
is administered intravenously, the aque Subconjunctival injection of SO) mg 
ous was removed 45 minutes after the Magnamycin in a volume of 0.25 ml. saline 
injection produces in the rabbit severe irritation of 
The average aqueous concentration in 10 the conjunctiva which ts oceasionally 
eves atter an mtravenou mypection of 25 followed by local necrosis and marginal 
my Magnan cin pel kg body weight was corneal opacity \t i dosage ot 10 mig., 


1.37 wg. per ml., and after a dose of 50 mg 20 mg.. or 25 mg., the inflammatory reaction 


per kg. body weight the average concentra is less pronounced. It is mild and transient 
tion in 12 eves was 1.98 pg. per ml. When ata dosage of tive my 
100 mg. per kg were injected, the average The addition of five to 10 TR units of 
aqueous concentration in 12 eyes was found hyaluronidase to the injection fluid reduced 
to be 2.91 yg. per ml, and after an intra the inflammatory reaction and also led to in 
venous dose of 200 mg. Magnamycin the creased bulbar penetration of the anti 
average aqueous concentration in six eyes biotic Comparative concentrations of 
wa 3.54 py. per mil Magnamyem im the aqueous were consist 
Generally, when aqueous concentrations — ently higher in the 26 animals where hya 
were expressed as a percentage of corre luronidase had been added to the injection 
sponding plasma concentrations, higher fluid 
relative aqueous levels were found after In the rabbit a single subeonjunctival in 
intramuscular than after intravenous ad jection of five mg. Magnamycin hydro 
ministration, under the experimental condi- chloride with five TR units of hyaluronidase 


tions involved in 0.2 ml. of saline produced good thera 


’ peutic levels of the antibiotic in the aqueous, 


3 MAGNAMYCIN RCON JUNCTIVA 
lasting up to four hours after imyection 


INJECTION Ot itt H YDROCTILORIDI 


MAGN N MIN 
In 52 animals (104 eyes) the Magna Mas ADMINISTRATION 
mycin concentration in the aqueous was ce BY IONTOPHORESI 


termined after subconjunctival injection of Levels of Magnamycin in the aqueous 


the hydrochloride salt. Table 4 shows the were determined on a total of 234 eyes, the 
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4 
CONCENTRATIONS FOLLOWING SUBCONTUNCTIVAL 
Magnamycin 
lime Inte \quer 
Hy alu Fluid il betwee 
Experi No No. of Demme ronidase Volume Injection and Cones ( Pa 
ment \nimals bye my sline Removal of trat trat 
inj. ml Ra \ ‘ 
ite 

2 6 12 “2? nw »5 10.0 5.6 

5 5 0? 10.0 7 

Ba 5 5 120 (2 he 10.0 7 

2 5 5 0.2 be » 5 5.0 j 

9 2 5 5 0.2 120 (2 he 5.0 7.5 

5 5 0.2 240 (4 he 3.7 

5 5 (6 he 0 62- 1.25 0.938 

2 5 5 02 720 (12 he 0.41 0.31 

4 5 5 0.2 1018 (18 he 41 0 31 

! 6 12 0.2 ow 5.0 20.0 11.0 

7 2 i 10 5 0.25 ow 10.0 20.0 12.6 

5 on 10.0 00 10.5 

7a 5 0.25 00 40.0 0 

5 10 02 10.0 40.0 18.0 

6 6 10 0.25 oO 0 0 40.0 66 

4 5 10 sO 0.25 oO m0 BOLO 1) 0 

6a 6 sO 10 0.25 on mo 80.0 
aqueous being removed five minutes after 10 minutes), and in some experiments, the 
iontophoresis or corneal bath. Prior to the — addition of hvaluronidase to the solution 
paracentesis the eyes were thoroughly The Magnamycin iontophore was very 
washed with sterile saline. The Magnamycin well tolerated. Even a solution containing 
applied during the iontophoresis was dis- 20 mg. of the antibiotic per ml. of saline 
solved in saline, since in preliminary experi- applied at 10 ma. for 10 minutes did not 
ments Magnamycin dissolved in distilled produce gross corneal opacity. The result 
water produced severe corneal opacity. It obtained under all these variables are pr 
was likewise found in preliminary experi- sented in Table 5 
ments that anode iontophoresis yielded Generally, the addition of hyaluronidase 


higher aqueous concentrations than cathode 
iontophore $1s 
the hydrochloride 


the 


Solutions containing 


and the sulfate salt of antibiotic were 


also investigated for their penetration prop 
Three different 20 


mg. per ml., 10 mg. per ml., and 5.0 mg. per 


erties, concentrations 


ml.) were used with both the sulfate and 
Further variables 

ent amperages (1.5, 2.5, 5.0, and 10.0 milh 


the hydro« hloride salt. 


were introduced by the use of four differ 


amperes), the period of time during which 
the iontophoresis was applied (for five and 


leading to concentration 


mil 


of Magnamycin only 


to the solutions 
of IR 


aqueous concentration 


five units per increased the 


slightly 
Magnat 
found be 

added to the 


the 


(On one occasion yon con 


centration Ww after the 


\ solution containing 10 mg 


as 
} 


enzyme been test solution 


M iyvnamycin 


hydrochloride sulfate, applied lor ‘ 


at 


ol 


2.5 peuti 


to inhibit 


minutes ma. produced thera 


levels well above those necessary 


or 


most strains of the im-positive organi 


in the 


found 


No clear-cut difference was 
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ILABLE § 
\o RATIONS POLLOWING TONTOPHORESIS AND CORNEAL BATH 
1.5 
\\ 
j “ 4 Sa i ) 10 
Ma—M 
Wy—Wyda 
penetration property of the two Mag ment was applied into the lower conjunctival 
namycin salts ac, the interval between treatments being 
Corresponding concentration 15 minute 
leve obtained after corneal bath were > Intramuscular administration. ‘Treat 
generally |e than 10 percent of those ob ment in five animals was started four hours 
tained after iontophore after infection and consisted of two daily 


injections of LOO mg Magnamycin as the 


ulfate per ky body weight for two days 


with Mag Subconjunctival injection. In this ex 
In a group of experiments intraocular periment treatment consisted of two succes 
taphylococeal infection was produced on a ive ubconjunctival injections of 5.0 mg 
total of 48 rabbit vith the technique re Magnamyein hydrochloride and five TR 
ferred to above. Of these animal 9 ore units of hyaluronidase in a volume of 0.25 
ceived treatment with Magnamvein. admin mil. saline Ihe interval between the two 
tered by various route while nine were injections was six hours 
left untreated serving as control All con This treatment was initiated 
trol eves were lost within a period of five . : 
2 hours after infection in 3 
$f hours after mfection in 3 animal 
I.XPERIMENTAL PROCEDURE 6 hours after infection in 4 animals 


) — 
1. Topical edminisivetion. In five 12 hours after infection in animal 


1% hours after infection in animal 
Magnamycin was ipplied topically. Treat 


ment was started 30 minutes after the inocu 4, Administration hy iontophor is. Treat 
lation, and consisted of four successive ad ment with a. solution contamimyg 10 mg 
ministrations of ophthalmic ointment con Magnamyein as the hydrochloride per ml 


uning the antibiotic as the base. The oint of saline as started 3O minutes after infec 


TREATMENT OF INTRAOCULAR INFECTIONS 


HANS R. HAUSLER AND HUGH L 


ORMSBY 


INTRAOCULAR INFECTIONS 


(Staphylococcus aureus Peoria) 


Results 
Intermediate 


Excellent No Effect 
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PABLE 6 
MAGNAMYCIN 
[REATMENT OF EXPERIMENTAI 
Number of Eyes 
Treatment Magnamycin Treated 
Ophthalmic ointment 10 
Intramuscular injection 10 
Subconjunctival injection 
First treatment after mfectior 
(hours 
2 6 
6 
6 
12 10 
18 10 
lontophoresis 
(Ma } (Min 
10 10 6 
2.5 10 6 
5 6 


9 
6 
) 
; ) 
0 6 4 
0 x 
4 1 
1 


See text for experimental procedure and interpretation of results 


tion—on three animals a current ot 10.0 ma 


was applied for 10 minutes; on three ani 


mals a current of 2 


5 ma. was applied for 
five minutes; on three animals a current of 


2.5 ma. was applied for 10 minutes. 


RESULTS 
The results obtained are listed in Table 6 
and were expressed under similar headings 


as those used by Locke." Under the head 


ing, “Excellent Results,” ar therefore listed 
those eves, which by the fifth day after 
inoculation did not show signs of active 


intraocular inflammation. “Inte rmediate Re 


sults” were obtained on eyes responding to 
treatment to a lesser degree, and eyes listed 
under the heading “No Effect” had devel 
severe suppurative endophthalmitis by 


oped 
the fifth day after infection 


SuM MARY 


The penetration of Magnamycin into the 


aqueous humor of rabbits was studied 


Aqueous concentrations of the antihotic 
were determined after topical administration 


of two different ophthalmic ointments, after 


intramuscular and = intravenous injection, 
after subconjunctival myection, ind after 
administration by iontophoresis of corneal 
bath 

When ophthalmic ointment contamins 


Magnamycin as the hydrochloride was used, 
the antibiotic was found to penetrate into 
the aqueous, whereas no me asurable penetra 
the ot ophthaln 


the 


tion occurred after use 


ointment containing Magnamyecin as 
base 

When administered by the intramuscular 
route, the penetration of Magnamycin into 
the aqueous was found to be increased after 
the eves had been subjected to shortwave 


When 


were expressed as a 


treatment aqueous = cones ntrations 


percentage of corre 
sponding plasma concentrations, higher rela 
mitra 


levels were found after 


after 


tive aqueous 


muscular than intravenous adminis 
tration 

Subconjunctival injection of Magnamyecin 
as the hydrochloride produced high aqueous 
concentrations, but caused considerable local 
irritation. The addition of hyaluronidase re 
also 


reaction and 


duced the inflammatory 
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yielded higher aqueous concentrations than 


led to increa bulbar penetration of the 
antibiotr cathode iontophoresis 


lontophore concentrations In a number of experiments Magnamyein 


of Magnamycin in tl ’ ous. It was well 
| w he ons ot AY iv staphylococcal intraocular intecthons 


has proved effective in the treatment ot 


tolerates 


Magnamycin dis 
d severe Department of Ophthalmology, 
University of Toronto 


Corie il Opacl iontophore SIs 
ReEPERI 
Lee r. M d Some properties of Magnamyecin, 


2 441, 1952 
ind Fitts, R o studies. Antilnot. & 


ol Magn rot i an spermatozoa Antinot. & 


welli, G. M., and Timmens, E. K.: Magnamycin 
3 1953 
Antibiot. & Chemother., 4:65, 1954 
M he treatment of urmary tract infections 
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GROWTH OF CORNEA IN TISSUE CULTURE* 


Ann M. C 


Fow.e, Pu.D., AND L 


Ormspy, M.D 


Toronto, Ontario 


Tissue culture methods have been used 


extensively as a substituts for living am 
mals in the isolation and cultivation of 
viruses. In this study human corneal and 


been grown in 


conjunctival tissues have 
tissue culture and are to be used in an at 
tempt to cultivate viruses, such as those of 


epidemic keratoconjunctivitis, superficial 
punctate keratitis, inclusion conjunctivitis, 
and eson (1939) reported 
the successful growth of human corneal and 


subculture 


trachoma. Thyg 
conjunctival epithelium and the 
of fibroblasts. 

The following report contains only the 
results of the work with cornea and is a 
description of the various changes that were 
made in the physical conditions and chemical 
composition of the medium in order to 1m 
prove conditions for the growth and sub 
culture of corneal epithelium and fibro 
blasts. Although monkey cornea was used 
for the 
proved applicable to human cornea. 


basi study, most of the findings 


MATERIALS AND Metiops 


Cornea. Human cornea was obtained 
chiefly from cadavers at the time of autopsy, 
but also from eyes enu leated in the operat 
ing room and from embryos Monkey cornea 
was made available to us in large quantity 


the Medical 


laboratories, Toronto 


from Connaught Research 


Tissue culture techniques. Two types of 


culture flasks were used: rolles tubes and 


Carrel D 3.5 flasks. The roller-tube tech 
nique consisted of implanting the tissue in 


a thin clot of chicken plasma and chick 
embryo extract covering the inside of a test 


tube. After a period of five to 10 min., 2.0 


*From the Department o! Ophthalmology and 
the Connaught Medical 
(Virus Division), University of Toronto 


Research Laboratories 
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added the 


a horizontal position. 


of fluid medium was and 


tubes were rotated in 


mi. 


The Carrel D 3.5 flasks were used either 
with or without a plasma clot and with 1.0 
to 2.0 mil. of fluid medium. All cultures 
were incubated at 37°C. 
Results 

MONKEY CORNEA 
1. Physical conditions 

a. Epithelium 

of tissue implanted Various sizes 
and depths of corneal cuttings and dises wert 


taken to determine the optimum method of 


thelium. It was found that f 


weparing the tissue for the growth of epi 
rom cuttings of 
ea that were chopped with scissors into 
il sheets, 


diameter, 


cort 
small pieces, only very small epithel: 
to two mn 
Moreover, only about 20 


measuring one mim. 


could be grown 
produced epithelium 
the 


gre 


percent of the pieces 
When an attempt was made to reduce 
chopp d cornea to single cells and cell-ag 


gates by digestion with the enzyme trypsin, 


it was found that instead of the pieces bre ak 
ing Up, they imbibed water, became very 
gelatinous m nature, and stuck one to 


another in a large viscous mass which could 
not be implanted 

Successful growth of corneal epithelium 
was obtained with large corneal cuttings col 
lected by the method of Eastcott et al., 
1954. The results showed that the larger the 
cutting, the better the vrowth. New growth 
24 hours’ 
incubation and reached a maximum size im 


f 


of epithelium was first visible after 


the outgrowth was 


three to four days 
poor, or seven to 10 days when growth was 


diametet 


| 
the epithelhhum extended be 


very good. From pieces having a 


of eight mm., 
tween seven and 12 mm outward from the 
of the tissue and surrounded the im 


dge 


plant in a continuous sheet 


CORNI 


GROWTH 


penetrating discs taken 


ot 
fuil-thickness or 


tl } ‘ 1] 

la repn yrow as Well as 
extremely thin cuttings taken with a scalpel 
or Crraete knite pithe in ile ne, with no 


supporting substant a i grew poorts 


d ‘ pith lial 


cuttings were 


vn, there was no growth, and if the 


epitheliu was da ed or seraped oft 
there was no growth from the denuded area 
hese are probab the reason why chopped 
cornea gre poor i during chopping, 
the epithelial laye ‘ craped off some 
oft the piece and othe iy be in planted 
epithel il le down 

The preferred technique, there fore, 1s to 
use large thin corneal cuttings with an mn 


tact epithelial urface implanted up Phi 


of the 


nplant 


finding in regard to the 
in contrast to most ¢ wrt in which have 
uiture he 


tissue 


been grown in tissue fact that 


cornea 18 a nonvasculal probably 


make it po sible to u uch large piece 
without damage by of the central 
" 
CClIS, 
i. Depth of plasma ( Various depth 


d. When corneal 


were implanted in deep clot, there 
| iad 


owth, a Phy 


of plasn i clot yore trie 
cutting 
was little or no ¢ 
ire onl 


to pile up around the edge of the tissue in 


stead o preading out in a sheet a the 
did hen a ve halle t i ised, ‘The 
shall clot i to ‘ t nt dive ted 
by he 

When the corneal itting vere attached 
to the center of the flasl th small drop 
| ke pla a clot the ine zea the cut 
ting it was found that the outgrowth wa 
usually a_ litth ore egular than with 
the large shallow clot ind, on the average, 
growth was slightly le Hlowever, the cell 


were tar clearer tor micro cop 
and for stamimng. If a small 
( Dulbecco 


examination 
drop of specially purified agar 
and Vogt, 1954) was 
to hold the 


reduction in at 


used instead of plasma 


tissue in place, there was a 


marked ount of growth 


was probably 


Lherefore, the plas a clot 


ents as well a 


contributing es 
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serving to hold the tissue in place 
The best technique for encouraging ep! 


thelial growth is to use a shallow clot covet 


ny the bottom ot the Carrel flask or m 


roller tuln Llowe ver, if the cells 


side of th 


themselves are to be examined critically o1 


ire to bee stained, the small droplike clot 


should be 


used. 
b. Fibroblasts 


It was found that fibroblasts grew readily 


substantia cormea 


from the propria of 


whether the implanted tissue was chopped 


or in large cuttings, but they took a long 


his 


and was related to the amount ot epithelial 


time to appear time varied greatly 


When epithelial growth was small, 


growth 


they appeared in three or four days, but 
when the epithelial growth was extensive, the 
fibroblasts often did not seven 
to 10 day Phe 
thelial 


cells Clopse to the 


appear tor 
fibroblasts pushed the epi 
heet out and formed a solid mass of 
Then 


original implant 


either the fibroblasts 
both cell 


blasts ove 


topped growing and 


types disintegrated, or the fibro 
rgrew the epithelium, which later 
disintegrated, leaving a pure culture of fibro 


blasts 


c. Subcultures of epithelium and fibro 


hlasts 


It was found that pure cultures of the 
of cells could be 
method \ 
cultured long enough to permit proliferation 
Just before the fibroblasts 
lifted out 


ol ¢ pithe lium sur 


two kind obtained by the 


following corneal cutting was 


of the epithelium 
appeared the original cutting wa 


leaving a pure culture 


rounding the site of the cutting. The original 


cutting was transplanted into another flask, 


where, in three or four weeks, fibroblasts 


from it overgrew the entire bottom of the 


flash lo 


cutting was frst 


fibroblast the 
lifted out 


ubculture these 


original and 


then the layer of fibroblasts was craped out 


with a spatula in what looked like stringy 


WISPs These could either be teased apart 


into and implanted in new 


pieces 


The cell ed 
— 
themsely 
sential nutri; flasks. 
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flask 


ceased to proliferate once the corneal cutting 


The original with the epithelium 
was removed, The epithelial sheet remained 
however, for a period of up to a 


(34 


recorded) and then disintegrated, the cells 


intact, 


month days being the longest time 
pulling apart and finally rounding up. At 
tempts to subculture the epithelial sheets m 
the same way as the fibroblasts were not 
successful. Recently the enzyme trypsin has 
been used to break up the large sheets, and 
epithelial IIs have now bee nm ssfully 
transplanted and maintained through three 


subsequent passages 


2. Chemical composition of the medium 
a. Synthetic media 
Synthetic medium No. 199 (Parker, 
1950) was tried, but proved to be inade 
quate for the growth of both epithelial cells 
Synthetic 703 


1954) has not as yet been 


and fibroblasts medium No 


(Healey et al., 
When the oxidation-reduction poten 
199 was adjusted by 


tried 
tial of 
increasing the amount of glutathione, cys 


medium No 
teine hydrochloride, and ascorbic ac id, as in 
synthetic medium No. 703, no better growth 


resulted 


b. Semisynthetic media 


Semisvnthetic media were tested and it 


was found that by adding a small amount of 
horse serum (final concentration, two pet 
cent) and chick-embryo extract (final con 
centration, 0.5 percent) to synthetic medium 


No 199, a good medium for growing and 


subculturing fibroblasts was obtained, but 
this medium was only fair for growing 
epithelium, Other modifications were also 


tried, Aqueous humor from cow's eyes was 
added to 199 in 


amounts and it was found that 20-percent 


medium No various 


aqueous humor was equally as good as two 
When the chick-em 


brvo extract was replaced with a corneal 


perc ent horse serum 


extract made from eyes of cow embryos, 


no observable improvement in growth re 


AND HUGH I 


ORMSBY 


sulted. In the case of epitheliun t wa 


found that increasing the amount of asparti 


acid (Parshley and Simms, 1946) im syn 
thetic medium No. 199 from 60 mg. to 150 
mg. per 1.000 ml.. increased the amount o! 


good con 


outgrowth and maintained it in 


dition for a longer time 


c. Natural media 


None of the sen isvnthetu media vhich 
wore used gave a good growth ol epithe 
lium as natural media. The natural medium 
giving best growth consisted of 30-percent 
horse serum and five-percent chick-embryo 
extract in Earle’s salt solution Unfortu 


nately this medium soon imparted a cloud 


them 


ness to the plasma clot and the cell 


selves became very granular. It wa found 
a good growth was estab 
could be 
medium 
and the 


\s far as 


though, that one 


lished, a change made to the emi 
two percent 
cell 


le te rmined 


syntheti contaiming 


horse serum, clot and oon 


became clear could hye 


this semisynthetic medium with the high 
concentration of aspartic acid maintained 
epithelium as long as did the natural 
medium and in a far better condition for 


observation. For transplanting epithelium 


the natural medium was again found to be 
better for encouraging growth 
Beef aqueous humor alone was t und te 


When horse 
added to it 1 


be a poor medium erul and 


chick-embryo extract were 


varying amounts, there was some improv 


ment, but this was not very great 


d. Hydroqgen-ion concentration 


The 


investigated 


a high pH of 7.6 to 7.8, whereas the con 


effect of pH on growth wa 


Synthetic medium No. 199 has 


plex medium has a lower pH of 7.2 to 7A 
To test for the effect of pH on growt 
tures were set up in a range ot pH which 
varied from 7.0 to 78. The range was ob 
tained by gassing the semisyntheti medium 


with the standard gas mixture of eight 


percent carbon dioxide, 21-percent oxygen 
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ind /1-percent nitrogen. It was found that the results obtained from cultures set up 


the corneal ct were very imsensitive to — trom 63 individuals are given in Table 1 


ilkaline conditions but were sensitive to acid, 


pithelium 


so that when the pH dropped below 7.0 as a 


it 

result of metab there was a_ visible lable 1 shows that there was a very great 
effect on the cells. Therefore, as a standard variation in amount of epithelial growth, As 
procedure, the cultures were started with a far as could be determined, the most im 
high pH to allow for this drop. The fluid portant variable affecting the growth of ep! 
medium was changed twice a week thelium was the age of the individual, con 
trary to the finding of Thygeson (1939) 

HiUuMAN CORNEA lissue taken from young children or babies 
Most of the tindings with monkey cornea grew much better than that from adults. The 
were readily contirmed with human cornea time to the post mortem did not affect the 


Hlowevet t number of other variables had growth very much lon example fat epi 


to be taken into account in the case of hu thelial growth was obtained from cuttings 
man tissue The monkeys had all been taken 20 hours after death. However, best 
healthy juvenile an ils, and immediately growth was obtained with tissue taken eight 
after death the cuttings were taken in phos hours or less after death. The length of 
phate-buftered saline (Dulbecco and Vogt storage of the tissue in phosphate-buffered 
1954 ud the cultures were set up shortly saline was not critical within 24 hours, as 
thereafter. With the human tissue, a num Thygeson (1939) reported. As can be seen 
ber of uncontrollable variables were en from the table, excellent growth was ob 


countered, such as the cause of death, the tained after storage of cornea for 24 hours 
re of the individual, the number of hours at 4°C. The cause of death wa only an im 
between death and removal of the tissue, portant factor when the final tages were 


and the number of hours the tissue was prolonged, and then the epithelial growth 


tored before setting up the culture. All was not very good. However, tissue taken 

these factor were re orded lor each culture trom three individuals who died ol cance 

and later the result vere analyzed with = grew very well 

these vaniable n mind \ few exan ple s ol No human epithe hum has vet been trans 
IABLE 1 


(,ROWTH OF HUMAN CORNEA IN TISSUE CULTURE 


Epithelium Fibroblasts 
of Hours to inne lime to 
Individual \ Seared \mount (srowth birst 
of Growth Started Subculture 
days) days) 
Puy 4 17 
1 da eee 14 19 
10 54 11 
69 
vr 
Corneal cuttings were taken during autop 
vee? excellent growth, covering entire bottom of Carrel flask 
*** good growth, 8 to 10 mm. from edge of tissue 
** air growth, 3 to 4 mm. from edge of t ‘“" 
*-.poor growth, | to 2 mm. from edge of tissue 


no growth in 10 da 
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planted, since the successful technique with 
monkey cornea has not yet been applied to 
the human. This method of transplantation 
will probably be successful, and it is antic 
pated that straims of epithelial cells will be 


maintained in tissue culture indefinitely. 


2. Fibroblasts 


Fibroblasts grew readily, but the time of 
It be 
the better the epithelial 


appearance varied greatly can seen 


Table 1 that 


yrowth, the longer 


from 


it took the fibroblasts to 


appear. In one case the time was 22 days 
The fibroblasts overgrew the bottom of the 
flask in an average of 18 days after they 
to and were transplanted at 


started 
that time. A number of strains of fibroblasts 


grow, 


are now being maintained in roller tubes 


and Carrel flasks 


SUM MARY 


1. The best epithelial growth from both 
human and monkey cornea was obtained us 
ing large thin corneal cuttings with an intact 
epithelial surface implanted up on a very 
shallow plasma clot and covered with a fluid 
ot 


serum and 5,0-percent chick-embryo extract 


medium composed 30-percent horse 


in Earle's salt solution 


2. Human corneal epithelium grew 


great variation m 


quickly but there was a 


amount of outgrowth. In general, the best 


Rert 


M 
182, 19 
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Fasteott, H. H. G., Cross 
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Healy, G. M., Fisher, D 
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Parker, R. ¢ Methods of 
Parshley, M. S., and Sin 
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& Phy 
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n Cond 


tions 


on, n in vitro ef human cor 
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growth was obtained using tissue trom 


babies or youny children taken as soon alter 
death as possible 


3 


were obtained by removing the original ex 


Pure cultures of corneal epithelium 
plant of tissue bee fore fibroblasts appeared 
+. Monkey 


cultured using the enzyme trypsin to break 
the 


1 was sub 


corneal epitheliun 


up original sheet when maximum 


growth was reached 


ob 


tained from human and monkey cornea 


(,ood growth of fibroblasts was 
using either chopped or whole cuttings of 
cornea, implanted in a shallow plasma clot, 
and covered with a fluid medium composed 
of two-percent horse serum and 0.5-percent 
chick-embryo extract in synthetic medium 
No. 199 

6 


from three to 22 days to appear, and from 


Corneal fibroblasts grew slowly taking 


three to four weeks to overgrow the bottom 
of a Carrel D 3.5 flask 

7. Human and monkey fibroblasts were 
easily subcultured by scraping out the cells 
and clot and implanting small pieces m new 


flasks 
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BUSINESS SESSION 


CHuAamMAN McDonatp: We will now hold the 
annual business meeting of the Association tor not lir 
Research in Ophthalmology interested 
We are sorry that there was some confusion in aspect of v 
our plans, and that the dinner which was originally CHAIRMAN 


scheduled for tonight had to be held on Tuesday concermng t 


evening before some of you had arrived. The accepted 
dinner was small in number but very select, and We will 
| think you should know, if you have not seen it committee | 
in the papers, that Dr. David Cogan was given the De Hue 
Proctor Medal for this year Bb. Woolle 
There were two other presentations, that are not certified pub 
listed on the agenda, which I would like to tell you Paul W. Mile 
about. One was a silver platter given by the asso found everything 
ciation to Dr. Brittain F. Payne for his many years CHAIRMAN McDONALD 
as secretary and later as trustees Are there ; quest 
The trustees themselves got together and pre 
sented this gavel to the association. We have never Betore 
had a gavel of our own, and this was given to the mittee 
association in recognition of the many years ol association 
service that Dr. James H. Allen has given ; In your 
tary-treasurer tion, Lake 
As you know, our attendance has increased and le away. So, e 
our membership has doubled during Dr. Allen’s ranization 
tenure m Pho ear the non 
We will now have the report of the secretary MeGavir 
treasurer, Dr. Allen 
De Auten: (Dr. Allen he attached sum 
mary of the financial status orgamization 
[See pages 249-252 | 
At this time | would like to commend the work elected 
of the assistant secretary and the secretaries of the committes 
various sections. The sections have improved im a motion ? 
their activities, and many of the their programs Dn. COGAN 
are now excellent and would serve as very fine De Deecner 
programs for the national meeting m was put 
The development in ophthalmic research around unanimously.) 
the country is becoming manifest by the number of CHAIRMAN McDonatp 
papers being presented both at the sectional meet 
mes and at the national meeting. It is very en 


couraging association 


1 would like to emphasize that membership in — closed 


on for Resear in (Oph ilt gy i 
but is oper t nvone 
researc! in ophthalme on 
mn and visual tur 
\ic DONALD \re there ! questi 
en eport? If not, the report will be 
report of the auditing 
ete udit w le | 
t organization rel 
ked over the report and 
Thank 1, Dr. Hughe 
tl reports li 
of the nominating ! 
that the trustec 
period ot x eat 
1 do not de ou ist 
we clk ne trustee t 
committees ed of 
| ral Schem ive 
Aller trustee and Ds 
retary -tre iret 
nit the floor swat 
otion that these men be ; 
whi the nominatu 
dd thet Mav I hear 
the 1 th 
a vote umd w irri 
The ur declares thet 
ime ome le e the 
inet, | declare the executive sessior 
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AUDITORS’ REPORT 
ASSOCIATION FOR RESEARCH IN OPHTHALMOLOGY, 


the Board of Trustees 


Score OF EXAMINATION 
Association tor 
tor the vear then en 
d other such auditing 


confirm unpaid due 


New York. However, 
on and related by 
ireholder 


rmiation return 


annual interest 


uf that the 


the mtention of the board of 
lelinquent until the board 


titutional provision remains unchanged which 


ions committee and the board of trustee 


embers whose dues were 

pped from the roll 
p dues which were delinquent. According to 
howed 176 delinquencies as of December 31, 1953. If 
ments had been lost in the mail 


ion 
1 their totals by of member 


luring the year as pet 


ERTIFICATH 
in arrears directly with member 


resent ly for Research im Op! 
Decet er and the re« for the year then 


ish transactions. The statements illy accepted « basi 
a basis consi nt with that of the preces . do not feel that 


ufficiently important to negate this opinion 
Very truly yours, 
B. B. Woottey & Co 


New Orleans, Louisiana 
lune 21, 1954 


lo the Members of is: 
Association for Research in Ophthalmology, I 
New Orleans, Louisiana 
Gentlemen 
We have examined th hn basis a 
int Ophtl al rnc gy, Ir of Decembe 
Qur examination w made accord 
5 countir lingly melude 
procedure we lered nece ry in the circumstances, except that we did not is 
ore thy her 
Hisrory 
rhe A tion W neorporated on July 20, 1936, under the laws of the state of } 
laws vere ied in the certificate ol ! rporatin he orpot tion has n 
exempt from federal. state nd local taxe However, it is required to file a federal lz: 
reporting the source and disposition of income annually 
COMMENT 
At the meeting of the board of trustees in June, 1952, the board directed that the $. [== 
income from the Proctor Medal Fund be deposited henceforth in the general fund ariiist of the 
nnual Proctor medal be paid out of the general fund 
\ccording to infor tion given us orally by the secretary-treasurer, it 1s 
trustee governing ly ¢ ine a iation, to retain member ose duc Fo 
provides that new memlx ipon bei ipproved by the 
must pay dues for the first year to attain membershiy 
At its meetu n Ma , 19 3, the board of trustee 
notified and that if payment was not then forthe 
We did not verif lirect ¢« mun thon witl 
the records of the a tio the entries therem 
iny member rried elingquent had paid before 
hefore recordatior r¢ nation might not have detected the o 
ip rel ted to the recorded nh receipts tor the per ! 
ir recommendation t the close of the preceding examinati of accounts by us 
the wccompat tate ent 
thalmolog Incorporate 
ended, based on the recorded 
ad inting principle plied 
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CasH AND Secuatres IN FUND 


December 31, 1953 


ash 


Cash in bank $1,623.9 $ 15.37 $ 1,639.32 
Treasury Bonds’ 10,184.63 10, 184.6 
6239 €10.200.00 €11.873.9 
"At cost due 1967-72. At December 31, 1954 eupon to $250.00, 1 tured 19 
were affixed to the bonds, which were examined by auditor 
SraTemeNT or Receipts ANd Diseus EN 
Year Ended Decet ber 31, 1953 
(GENERAI PROCTOR 
ViepaL FuNpb 
Cash Balance January 1, 1953 $1,973.52 $15.37 
Idd Receipt 
Prior years’ duc 
> Active members $5.00 « 
18 bducational member a 
Sus‘ainine members $25.00 each 000 46.00 
1953 Dues—( Page 5) SILL 
1954 ue active member 1.00 
1955 Due tive member 
1956 Dues—1 active member on 
lanquet proceed 150.00 
tond interest (1952 interest deposited in bank im 1953) sO00 
lotal Recepits 1206.00 
Unidentified receipt 
670 4 
Deduct Disbursement 
(Convention ex pens« 
Dinner 
Prowrams, mathng tee w140 
Expenses of Secretary- Treasures S000 
Other expenses 1407.24 
Publication—American Journal of Ophthah 1000.00 
Stationery, supple print 
Auditing ] 
Postage 
Insurance—-$5,000.00 positron bear Secretar I re iret 
Satety deposit box rental Onn 
Telegrams 9 4M 
Salaries gross 
Less withholding and FICA taxes withheld 1397 2 


NERAT PROCTOR 
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GENERAI PRocTOR 
FUND Mepat Funp 
1FICA naid 138.00 
| paid 
| Mi 203 80 
| 
{ 
~ i” 
) 1660.94 0 
(a ed ni $1 608 58 $15.34, 
rr or medals for 1952 lYos are u ‘ t ‘ t 
Ir le 400.00 ( mittee for Resear in Eve Disease ind Board | 
HAN VMemMrersu AND RECONCILIA with Durs Patp 
Year Fnded Dees er 31, 1953 
n Mei Live ORARY “Torat 
low f nile ] 6/2 
le r 19 ‘ p at Octobe 
1952 ee rr 17 
19 
] | ‘ 14 ] ") 
iM 
Dec ed 19 


fembership 1 31, 19 | 12 Mt) $2 /13 
fion ‘ / | 

Dues | n 195 y 19 


| cational @ $2.00 } 60.00 

e @ &5.00 310.00 
tainmge @ $25.00 « B50. 00 


$3,22000 | 


sande nf 1S len f 
Fre tive 1 (7) y 
Doan ional (21) 
From tive to ry l (1) 

/ 
12 46,4 41 


252 ASSOCIATION FOR RESI ARCH IN OPHTHALMOLOGY \ 
I NAC Hon F.puca St 
Add rive Live ORARY TIONAL AcTIV! AINING TOTA 
Unpaid memberships December 31, 1953 50 126 176 
l l 12 S89 ‘4 717 
Less 
One active member who resigned in 1953 but 
paid 1953 due } ] 
One sustaining member who cdi {in 1953 but 
paid 1953 clues l ] 
I'naccounted for difference | ? 
| 12 87 32 713 
Summary oF Membpersuir BY YEARS 
fo December 31, 1953 
Ve Ve if 
bended Potal Ended Potal 
December 31 Members December 31 Members 
1953 79 
1952 1672 71) 
1951 2556 1939 OR 
2509 1938 72 
2474 1937 49 
1048 422 ALD 240 
1047 193 4 
1046 324 1034 
1945 1933 19 
1932 
1931 193 
1942 281 1930 14 
‘Represents official membership, whether dues were pa | or unpaid urret nd pr ‘ 
* Includes only members whose dues were inn te late 
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